24 aw 5». 


JANUARY 1977 e VOL. 185, NO. 1 


ANSUAS 


cok-Hotu-t4- -V7- PO24 767 


ANNALS 
or 


URGERY 


À Monthly Review of 


Surgical Science and Practice 


Since 1885 


J. B. LIPPINCOTT COMPANY 
PHILADELPHIA è TORONTO" 





The sharp TRU-CUT Biopsy Needle penetrates tothe 
sampling area. Scalpel sharp cutting edges then 
excise aspecimen and encase it within the needle for 
withdrawal and examination. 


Unlike other methods that twist and teat 
tissue, TH -CUT Biopsy Needle surgically cuts the 
specimen in a precise and quick procedure. 


TRU-CUT Biopsy Needles are sterile with 
surgically sharp cutting edges that are used only once. 
Disposability eliminates dangers of cross- 
contamination and the costs of reprocessing a 
reusable unit. 


Available singly or in 
TRAVENOL Biopsy Procedure Trays. 
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Tissue prolapses into the specimen notch. 
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s clean specimen. 


TRAVENOL LABORATORIES, INC. 
Deerfield, \llinois, U.S.A. 60015 
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BROAD-SPECTRUM MICROBICIDAL 
TIME SAVERS 


BETADINE “disposables” 


BETADINE "disposables" provide the broad-spectrum microbicidal action of 
BETADINE Microbicides in convenient disposable units. They are virtually nonirritating 
to skin and mucosa and do not stain skin and natural fabrics. 


Ready-to-use, BETADINE “disposables” save time required to saturate mate- 
rials with antiseptic, or to apply small quantities from large containers. Purdue Frederick 






















Microbicidal dressing For degerming cuts, minor 
wounds, lacerations, suture 


and injection sites 


For degerming skin and mucosa in urinary 
catheterization, cuts, minor wounds and 
umbilical care | rss ^ 
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BETADING — 
SURGI-PREP 
sponge-brush 
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For antisepsis on skin, 
- mucosa, wounds and burns 


For preoperative scrubbing 
and general skin and hand 
degerming * * 


For degerming small skin areas, 
as in |.V. therapy, hyperalimen- 
tation and urinary catheterization 
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BETADINE 





In the rare instance of local irritation or sensitivity, discontinue use by the individual. € COPYRIGHT 1976. THE PURDUE FREDERICK COMPANY/NORWALK, CONN. OFAS6 1721/5 ABIBI 
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GEOPEN ” 


(DISODIUM CARBENICILLIN) 


HOM, 2-991, o-0m, and 10-99] Vials 


for treatment of 





infections due to anaerobes’ 
and gram-negative aerobes 





with one antibiotic 





“susceptible strains of indicated organisms 


Indications: Primarily for treatment of infections due to susceptible strains of 
Pseudomonas aeruginosa, Proteus species (particularly indole-positive strains), 
and certain Escherichia coli. Clinical effectiveness has been demonstrated in the 
following infections when due to these organisms: Severe systemic infections 
and septicemia, including meningitis due to Hemophilus influenzae; genitouri- 
nary tract infections including those due to Neisseria gonorrhoeae, Enterobacter, 
and Streptococcus faecalis (enterococcus); acute and chronic respiratory infec- 
tions (though clinical improvement has been shown, bacteriologic cures cannot 
be expected in patients with chronic respiratory disease and cystic fibrosis): 
soft-tissue infections. Also indicated in the following infections due to suscep- 
tible anaerobic bacteria: Septicemia; lower respiratory tract infections such as 
empyema, anaerobic pneumonitis and lung abscess: intra-abdominal infections 
such as peritonitis and intra-abdominal abscess (typically resulting from 
anaerobic organisms resident in the normal gastrointestinal tract): infections of 
the female pelvis and genital tract such as endometritis, pelvic inflammatory 
disease, pelvic abscess and salpingitis; skin and soft-tissue infections. 
Although indicated primarily in gram-negative infections, activity against gram- 
positive organisms should be kept in mind when both gram-positive and gram- 
negative organisms are isolated (see Actions). 

In infections due to certain susceptible strains of Ps. aeruginosa, clinical 


efficacy may be enhanced by combined therapy with gentamicin sulfate in full . 


therapeutic dosages (see gentamicin sulfate package insert). 


NOTE: During therapy sensitivity testing should be repeated frequently to detect: 


the possible emergence of resistant organisms. 
Actions: Organisms found to be susceptible /n vitro include: GRAM-NEGATIVE 
ORGANISMS — Ps. aeruginosa, Proteus mirabilis, Pr. morgani, Pr. rettgeri 
Pr. vulgaris, E. coli, Enterobacter spp, Salmonella spp, H. influenzae, Neisseria 
spp, Bacteroides spp, and Fusobacterium spp. 

GRAM-POSITIVE ORGANISMS — Staphylococcus aureus (non-penicillinase pro- 
ducing), Staph. albus, Diplococcus pneumoniae, beta-hemolytic streptococci, 
Str. faecalis, Clostridium spp, Peptococcus spp, and Peptostrep- 
tococcus spp. 

In vitro synergism between Geopen and gentamicin sulfate has 
been demonstrated for certain strains of Ps. aeruginosa. 

Some newly emerging pathogenic strains of Here/lea, Mima, 
Citrobacter, and Serratia have also shown /n vitro susceptibility. 


Not stable in the presence of penicillinase. Most Klebsiella 
specles are resistant. Some strains of Pseudomonas have 
developed resistance fairly rapidly. 

Contraindications: Known penicillin allergy. 

Warnings: Serious and occasional fatal hypersensitivity 
(anaphylactic) reactions have been reported in patients on 
penicillin therapy. These reactions are more apt to occur in in- 
dividuals with a history of sensitivity to multiple allergens. 
Observe patients with renal impairment for bleeding manifesta- 
tions and adhere strictly to dosage recommendations; if bleeding 
manifestations appeer, discontinue antibiotic and institute ap- 
ropriate therapy. | 
Individuals with history of penicillin hypersensitivity reactions 
have experienced severe hypersensitivity reactions when treated 
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with a cephalosporin. Before therapy with a penicillin, careful inquiry should be 
made concerning previous hypersensitivity reactions to penicillins, 
cephalosporins, and other allergens. If an allergic reaction occurs, appropriate 
therapy should be instituted and discontinuance of carbenicillin therapy 
considered, unless the infection is life threatening and only amenable to car- 
benicillin therapy. The usual agents (antihistamines, pressor amines, and corti- 
costeroids) should be readily available. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE. OXYGEN AND INTRAVENOUS 
CORTICOSTEROIDS SHOULD ALSO BE ADMINISTERED AS INDICATED. 
Usage in Pregnancy: Safety for use in pregnancy has not been established. 
Precautions: As with any other potent agent, it is advisable to check periodically 
for organ-system dysfunction, including renal, hepatic, and hematopoietic 
systems, during prolonged therapy. Emergence of resistant organisms, such as 
Klebsiellaspp and Serratiaspp, which may cause superinfection, should be kept in 
mind. Each gram contains 4.7 mEq sodium; in patients where sodium restriction 
IS necessary, such as cardiac patients, periodic electrolyte determinations and 
monitoring of cardiac status should be made. In a few patients receiving high 
doses, hypokalemia has been reported; periodic serum potassium determinations 


„Should be made and corrective measures should be implemented when necessary. 


As with any penicillin preparation, an allergic response, including anaphylaxis, 
may occur, particularly in a hypersensitive individual. Cases of gonorrhea with a 
suspected primary lesion of syphilis should have darkfield examinations before 
treatment. In all other cases where concomitant syphilis is suspected, monthly 
Serological tests should be made for a minimum of 4 months. 

Intramuscular injections should be made well within the body of a relatively 
large muscle (not into the lower and mid-third of the upper mit and aspiration 
IS necessary to help avoid inadvertent injection into a blood vessel. Intravenous 
infusion should be given as slowly as possible. Reconstituted solution should 
be discarded after 24 hours if stored at room temperature, after 72 hours if 
refrigerated. The maximum recommended dose is 40 gm per day; 
intramuscular injections should not exceed 2 gm per injection. 
Adverse Reactions: Hypersensitivity Reactions—Skin rashes, 
pruritus, urticaria, drug fever, and anaphylactic reactions. Gastro- 
intestinal Disturbances—Nausea. Hemic and Lymphatic 
Systems— Anemia, thrombocytopenia, leukopenia, neutropenia, 
and eosinophilia. Blood, Hepatic, and Renal Studies— SGOT and 
SGPT elevations have been observed, particularly in children. To 
date, no clinical manifestations of hepatic or renal disorders have 
been demonstrated. CAS — Convulsions or neuromuscular ir- 
ritability could occur with excessively high serum levels. Other— 
Pain at the site of injection, rarely accompanied by induration; in 
uremic patients receiving high doses (24 gm/day), hemorrhagic 
manifestations associated with abnormalities of coagulation 
2 tests, such as clotting and prothrombin time. Vein Irritation and 
“a Phlebitis— Particularly when undiluted solution is injected directly 
into the vein. 

How Supplied: Available in 1-gm, 2-gm, 5-gm, and 10-gm vials. 
ae prescribing or administering, see package circular 
or POR. 
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Space Age Microbicidal Power 
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For optimal preoperative skin degerming— BET ADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly ac hieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis — BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by acast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during red ressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 


Purdue Frederick 
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Bacteroides 


may be implicated 

in a number of clinical situations, 

including... 

. Septic abortions 

e deep wounds 

E bacteremia 

e metastatic or other abscesses in association 
with thromboembolic phenomena 


Sensitivity testing is always Under normal conditions, bacte- 

recommended prior to instituting roides are benign. But in infectious 

therapy with Chloromycetin situations they can be extremely 

(chloramphenicol). However, in virulent. 

some situations, it may be neces- | Fortunately, most bacteroides 

sary to administer Chloromycetin infections are susceptible to 

| before sensitivity tests have been Chloromycetin (chlorampheni- 

completed. col) therapy. Yet, all too often their drugs are inef 
: presence goes undetected. So contraindicate 

Bacteroides are the most prevalent today, many authorities recommend But when bac 

microbial flora of man. They are early—and vigorous—treatment cated, Chloro 

anaerobic, aero-intolerant, non- with Chloromycetin when the phenicol) the 

sporeforming, nonmotile, gram- clinical impression suggests thata conservative ¢ 

negative bacilli. They most often Bacteroides infection is present. situations, the 


appear in mixed infections, and are Chloromycetin must be used only with Chlorom 


highly opportunistic. Further, they in those serious infections for See next page 
are very difficult to culture. which less potentially dangerous information. 





Bacteroides... 


often an indication for 


CHLOROMYCETIN 


(chloramphenicol) Sodium Succinate 
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Prescribing information—Chloromycetin 
(chloramphenicol) Sodium Succinate 
For intravenous administration 


WARNING 

Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. In addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 
agents will be effective, as described in the 
Indications section. It must not be used in the 
treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chloramphenicol is readily absorbed 
and adequate blood levels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 
dium succinate should be changed to the oral form 
as soon as practicable. 


DESCRIPTION 


Chloramphenicol is an antibiotic that is clinically use- 
ful for, and should be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml of a 10% solution) of chloram- 
phenicol sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium. 


ACTIONS AND PHARMACOLOGY 


In vitro chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitrc against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. |t is particularly active against Salmonella 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 
Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/ml 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 68% to a 
high of 99% over a three-day period. From 8% to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred Hep 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. However, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 


in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 
1. Acute infections caused by S typhi* 

It is not recommended for the routine treatment of 

the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 

accordance with the concepts expressed above. 

a) Salmonella species 

b) H influenzae, specifically meningeal infections 

C) Rickettsia 

d) Lymphogranuloma-psittacosis aroup 

e) Various gram-negative bacteria causing bacte- 
remia, meningitis, or other serious gram-negative infec- 
tions 

f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


*In the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. /t must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
be carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be jaken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias : 

The most serious adverse effect of chloramphenicol 
is bone marrow depression., Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

In a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. If 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, 
urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. "Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 


a) In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 
(1) abdominal distension with or without emesis; 
(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasible, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

Intravenously as a 10% (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
such as water for injection or 596 dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. In exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.) Precise con- 
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Current Status of the Apudomas 


HE APUD CELLS were described by Pearse in 1968? and 

the term ‘“‘apudoma’”’ was applied to a tumor arising 
from apud cells by Szijj and her colleagues the following 
year. The apud cells have common cytochemical 
characteristics, clearly related to the synthesis of poly- 
peptides and amines, and are distributed widely in the 
body. The apudomas are a family of endocrine tumors 
which arise from them and which have interesting and 
important relationships. The cytochemical, ultrastruc- 
tural and immunological features of normal and neo- 
plastic cells are very similar. 


The Apud Concept 


The apud cells derive their name from the initial letters 
of their first three, and most important, properties, 
namely (1) a high content of Amine, (2) the capacity for 
amine Preeursor Uptake, and (3) the presence of amino- 


acid Decarboxylase for the conversion of the aminoacid ' 


precursors to amines. 

The ultrastructural characteristics of the apud cells, as 
seen on electronmicroscopy, are similar to those of other 
polypeptide-secreting cells. Most of them are 100 to 200 
um in diameter and many contain dense storage granules 
of their polypeptide products. Many of those in the gut 
have long apical processes, which reach the glandular 
lumen, ending in tufts of microvilli, which may be sensory 
(Fig. 1). 

The polypeptide products of apud cells can be displayed 
specifically by immunological techniques. One involves 
immunofluorescence (Fig. 2), and another labeling with 
peroxidase (Fig. 3). 

The apud cells may be considered in 3 groups (Tables 


1, 2 and 3), namely: 1) central, 2) general and 3) alimentary. 
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Knowledge about their secretory products is advancing 
very rapidly and many, perhaps most, of them are now 
known. Some secrete polypeptides only, some amines 
only and some both. Many of these humoral agents are 
hormones (e.g. ACTH, gastrin and epinephrine), while 
others have not achieved this status, although some may 
well do so in time (e.g. gastric inhibitory polypeptide — 
GIP and somatostatin).5 One at least (vasoactive intestinal 
polypeptide — VIP) has no known physiological function, 
but plays a major role in disease. 

Some polypeptide-secreting cells are not apud in 
character. The parathyroid cells, while not apud, are 
closely related in ways which will be described later. 
Those cells of the anterior pituitary, which secrete 
glycoproteins (TSH, FSH and LH), and the endocrine 
cells of the kidney and placenta are probably unrelated. 

At an early stage in the investigation of the apud cells 
it was noticed that in certain ways they were structurally 
and chemically similar to nerve cells. In particular, 
the neuroectodermal cells of the neural crest display 
apud characteristics from an early stage. This observation 
prompted Pearse in 1966 to suggest that the neural 
crest cells must be considered as possible ancestors of 
all the polypeptide-secreting cells of the apud series. 
The cells of the adrenal medulla and sympathetic 
nervous system and the melanocytes of the skin have 
long been known to arise from the neural crest. It is 
now established that the apud cells of the carotid body 
and thyroid come from the same source. Evidence is 
accumulating that those of the alimentary tract and other 
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Fic. 1. Electronmicrograph of an apud cell with numerous electron 
dense secretory granules localized towards vascular pole and micro- 
villi in lumen of gland (8,400). A-Storage Granules; B-Nucleus; 
C-Microvilli in Lumen. 


sites may well do so too. Recent work suggests that 
the hypothalamus and both lobes of the pituitary are a 
single, rather than composite, entity of neuroectodermal 


origin and that the parathyroids, which have long been * 


regarded as of endodermal origin, may arise from neuro- 
ectoderm also.!? 


The Apudomas 


There is little etymological justification for the word 
"apudoma,'" but it is useful because it emphasizes the 
common characteristics of neoplastic lesions of the apud 
cells. They may be described in both pathological and 
biological terms. Pathologically apudomas are endocrine 
neoplastic lesions which take the form of adenoma, 
adenomatous hyperplasia or carcinoma. For con- 
venience, apud cell hyperplasia (although not neoplastic) 
may be classed with the apudomas because it resembles 
them functionally (Fig. 3). All possess the apud cyto- 
chemical and ultrastructural characteristics, most of them 
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with great clarity. Biologically the apudomas are neo- 
plastic lesions, derived from apud cells and thus neuro- 
ectodermal in quality, which secrete normal or modified 
polypeptide hormones or prohormones of the apud cell 
series and/or one or more of the apud amine hormones. 

At least half the apud cells which have been recognized 
are known to give rise to apudomas (Tables 2 and 3) 
and new ones are being discovered frequently. Some 
tumors, which are well known, but not recognized as 
such, may turn out to be apudomas. Neoplastic cells 
tend to be less differentiated in structure and function 
than their parent cells and the secretory capacity of 
apudomas is very versatile. Many (e.g. insulinomas and 
pheochromocytomas) are orthoendocrine and secrete the 
normal hormones of their presumptive cells of origin, 
but many are paraendocrine and secrete, either instead 
or in addition, hormones or humoral agents which are 
characteristic of other apud cells. This versatility sug- 
gests that they are capable of mobilizing all the primitive 
secretory capacity of the neural ectoderm and, in particu- 
lar, of the neural crest. Some paraendocrine apudomas, 
like tumors of other types, secrete substances, such 
as prostaglandins, histamine, erthyropoietin and other 
humoral agents, which are characteristic products of 
other, non-apud, cells. This property, which is poorly 





FiG. 2. 


Human jejunum stained with an indirect (sandwich) immuno- 
fluorescent method using procine anti-GIP antibody. Six GIP cells can 
be seen localized mainly in basal portion of gland (marked with 
arrows) (x 165). 


x) 


Vol. I8S$ e No. | 


é 


Fic. 3. Human antrum 
stained with an immuno- 
peroxidase method using 
antibodies to human gastrin 
I. G cells appear numerous 
(moderate hyperplasia) and 
heavily stained (x390). 


understood, is unlikely to derive specifically from their 
presumptive neural origin, but rather to reflect a function 
of neoplastic tissue in general. 

The apudomas constitute a large part of surgical endo- 
crinology. The brief account which follows is not com- 
prehensive, but concentrates on recent advances in 
their understanding in relation to the apud concept and 
in other more specific details. 


Identification of Apudomas 


Apudomas may be studied in various ways. The con- ` 


centrations of polypeptides and amines may be measured 
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in the peripheral blood, and in the venous blood draining 
the tumor, by radioimmunoassay and by other methods. 
The tumors may be examined by conventional light 
microscopy, cytochemical methods, electronmicroscopy 
and immunocytochemistry, and extracts from the tumors 
may be analyzed for their products. Specific immunocyto- 
chemistry (Fig. 4) will usually provide a positive result 
only if there is ultrastructural evidence of the presence 
of at least a few storage granules in each cell. The full 
secretory properties of an apudoma will be elucidated 
only if every suspected tumor is tested, not only for 
its presumptive hormone, but also for as many others 
as possible. Hormones which are clinically "silent 


TABLE l. Centrally Located Apud Cells, Their Products and Their Associated Apudomas and Clinical Syndromes 





Products 


Orthoendocrine 





Organs Cells Polypeptides Amines Apudomas Syndromes 
Hypothalamus Neurones Releasing & inhibiting Dopamine, Nor- ? 1 
hormones epinephrine 
& 5-HT 
Posterior Neurones ADH — ? ? 
pituitary Oxytocin == ? ? 
Anterior C ACTH ? Tryptamine Hyperplasia Cushing's 
pituitary m MSH ? Tryptamine Adenoma Pigmentation 
S GH — Carcinoma Acromegaly or giantism 
l Prolactin — Forbes-Albright 
Pineal body P Melatonin S-HT Pinealoma Hypogonadism 





Abbreviations: ACTH = (Adreno)corticotrophin; ADH = Antidiuretic hormone; GH = Growth hormone; $-HT = 5-hydroxytryptamine; 


MSH = Melanocyte-stimulating hormone. 
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Fic. 4. Human pancreatic 
insulinoma stained with an 
indirect immunofluorescent 
method using antibodies to 
insulin. Tumor cells appear 
brightly stained (x 320). 


may predominate, as in calcitoninomas (medullary 
carcinomas of the thyroid) and some paraendocrine 
tumors. 

Apudomas may be named conveniently after their 
endocrine products. For single hormone tumors the 
terms “‘insulinoma’’ and ‘‘gastrinoma’’ are well estab- 


lished, but others such as “‘corticotrophinoma,”  ''cal- 
citoninoma" ‘“‘glucagonoma’’ and ‘‘vipoma’’ may also 
be applied. To avoid unnecessary hybrids in multi- 
hormone-producing apudomas, the combined pathologi- 
cal/histological description could well be "'apudoma 
secreting ACTH/MSH” and so on. 


TABLE 2. Generally Distributed Apud Cells, Their Products and Their Associated Apudomas and Clinical Syndromes 


Products 
Organs Cells Polypeptides Amines 
Thyroid $ Calcitonin ? S-HT 
Adrenal E ? Epinephrine 
medulla 
NE ? Norepinephrine 
Carotid Type 1 (Glomus) ? Catecholamines 
body & 5-HT 
Lungs P (Feyrter) DYLE ? 
EC ? ? 5-HT 
? S-HTP 
Urinary U ? Urogastrone ? 
tract EC ? ? 5-HT 
Skin Melanocyte ? ? 


Principal 
Ortho- Paraendocrine 
endocrine Syndromes 


Apudomas Syndromes (& Hormones) 
Medullary Hypercalci- Cushing's 
carcinoma toninemia (ACTH) 
Pheochro- Hypertension, Cushing's 
mocytoma etc. (ACTH) 
Ganglioneuro- WDHA (VIP) 
blastoma 
Chemodectoma Hypertension, ? 
ete: 
? Oat cell ? Cushing s, etc. 
carcinoma (ACTH, 
MSH, 5-HT) 
Schwartz-Bartter 
(ADH) 
Carcinoid Atypical Cushing's 
carcinoid (ACTH, 5-HT) 
9 9 9 
? ? ? 
Melanoma ? Cushing's 


(ACTH) 


Abbreviations: 5-HTP = 5-hydroxytryptophan: VIP = Vasoactive intestinal polypeptide; VLP = Vasoactive lung peptide; Others as in Table 1. 
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TaBLE 3. Apud Cells of the Alimentary Tract, Their Products and Their Associated Apudomas and Clinical Syndromes 
Lap t PEPPER MOSQ SP see en MINUM GNE MMC SE aN a NE 


« J 


Products Ortho- 
endocrine Principal Paraendocrine 
Organs Cells Polypeptides Amines Apudomas Syndromes Syndromes (& Hormones) 
w—À—Ó——MP———Au—————À—————— a a M Mit NN 
Salivary ? ? Urogastrone — ? ? ? 
glands 
Stomach G Gastrin — Hyperplasia, Zollinger- ? 
carcinoma Ellison 
D Somatostatin — 2 ? 
EC ? Substance P 5-HT, Carcinoid Atypical ? 
? S-HTP carcinoid 
Pancreas: 
islets B (5) Insulin — Hyperplasia Hypoglycemia Zollinger-Ellison (gastrin) 
A (a) Glucagon — Diabetes, Cushing's (ACTH) 
Adenoma dermatitis, WDHA (VIP) 
etc. ? Malignant carcinoid (5-HT) 
D (6,0) Somatostatin — Carcinoma ? 
inter-acinar D, Pancreatic — ? Ditto ? * 
cells polypeptide 
EC ? 5-HT, Carcinoid Malignant ? 
? S-HTP carcinoid 
Duodenum & S Secretin = ? ? ? 
small in- EC Motilin, ? Sub- 5-HT Carcinoid Malignant Cushing`s (ACTH) 
testine stance P carcinoid 
I CCK — ? ? ? 
K GIP — ? ? : 
7 Gastrin j Adenoma or Zollinger- ? 
carcinoma Ellison 
D Somatostatin — ? ? ? 
? H VIP — ? ? 
Large in- ?H VIP — ? ? ) 
testine EG Enteroglu- — ? ? ? 
cagon 


————————"—"'ÁCEM c We 
Abbreviations: CCK = Cholecystokinin-pancreozymin; GIP = Gastric inhibitory polypeptide; Others as in Tables | and 2. 


Classification of apudomas 


It is convenient to divide the apudomas into the fol- 
lowing groups: 1) Orthoendocrine —(A) Tumors secreting 
normal polypeptides of their cells of origin. (B) Tumors 
secreting normal amines of their cells of origin. 2) 
Paraendocrine —(A) Tumors of endocrine glands secreting 
hormones or humoral agents characteristic of other 
glands or cells. (B) Tumors of organs or tissues, not 
usually regarded as endocrine in nature, secreting 
hormones or humoral agents. 3) Multiple endocrine 
adenopathy, in which more than one endocrine gland 
in the same individual is the site of neoplasia, often 
an apudoma, which may be orthoendocrine or para- 
endocrine. Most known apudomas in group 1 and the 
more common ones in group 2 are listed in the tables. 


Orthoendocrine Apudomas Secreting Polypeptides 


The Alimentary Tract 


In the alimentary tract (Table 3)* the great majority 
of orthoendocrine apudomas develop in the pancreatic 
islets of Langerhans. Indeed, in the stomach and in- 
testines no orthoendocrine polypeptide-producing tumors, 


other than those secreting gastrin, have yet been 
recognized. Those in the pancreas are often multiple. 
They are usually benign adenomas, less commonly 
malignant carcinomas, rarely adenomatous hyperplasia 
and, very rarely, simple hyperplasia. Carcinomas, even 
after metastasizing, tend to run a prolonged course and, 
provided the major symptoms can be controlled, patients 
may survive in reasonable health for many years. The 
islet cells, as will be described later, are also a major site 
of paraendocrine apudomas. Pancreatic polypeptide is 
secreted by many islet cell tumors, both orthoendocrine 
and paraendocrine, but its significance is unknown.!$ 
Selective angiography has greatly facilitated the preopera- 
tive localization of islet cell tumors of all types. 
Insulinoma (Episodic Hypoglycemia). Insulin-secreting 
islet cell tumors of the pancreas or insulinomas, causing 
hypoglycemia, have been known for many years and 
arise from the B (8) cells. An insulinoma may be the 
only endocrine lesion present or may represent part 
of a syndrome of multiple endocrine adenopathy. Im- 
munofluorescence may reveal the presence of insulin 
(Fig. 4) and/or proinsulin in the tumor and analysis of 
venous blood draining the tumor shows a higher con- 
centration of insulin than in the peripheral blood. There 
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is no evidence that other hypoglycemia-producing 
tumors, such as hepatomas and mesotheliomas, are 
apudomas or that they secrete insulin. 

Diagnosis has been improved greatly by the measure- 
ment of immunoreactive insulin, at the same time as 
glucose, in the blood. Several tests are available, which 
depend on the principle that normally there is a direct 
relationship between the blood concentrations of glucose 
and of insulin and that hypoglycemia from most other 
Causes is associated with hypoinsulinemia. In nearly all 
patients with organic hyperinsulinism this relationship 
is lost, and high or normal (instead of low) levels of 
insulin accompany hypoglycemia. 

Treatment is directed towards removal of the tumor 
or tumors, and it must be remembered that in at least 
10% of patients there are two or more. If a tumor cannot be 
found or, usually because of malignancy, cannot be 
removed completely, the hypoglycemic symptoms can 
usually be controlled with diazoxide. Non-resectable 
carcinomas can often be treated effectively for a time 
with streptozotocin by infusion, either intravenously or 
into the hepatic artery. Both drugs are toxic and may 
not be tolerated. 

Pancreatic Glucagonoma. These apudomas arise from 
the A (o) cells of the islets, which secrete glucagon. 
Although there are several reports in the literature of 
islet cell tumors containing hyperglycemic material, 
these could not be investigated fully until the develop- 
ment of a radioimmunoassay for pancreatic glucagon. 
The first proved case, with diabetes and high concentra- 
tions of pancreatic glucagon in the plasma and in an 
extract of the tumor, was described by McGavran in 
1966. The patient had a rash, and this clue to the diag- 
nosis allowed eight cases to be recognized recently 
in the South of England.!! 

The characteristic lesion is a necrolytic migratory 
erythema, and any patient presenting with this lesion, 
who is also a diabetic, should be suspected of having a 
glucagonoma. Other features include loss of weight, 
anemia, angular stomatitis and painful glossitis. Estima- 
tion of pancreatic glucagon in the blood and selective 
angiography should then confirm the diagnosis and 
reveal the site of the tumor(s). Several patients have 
been cured, at least temporarily, by removal of a tumor. 

Gastrinoma. Orthoendocrine gastrinomas of the 
stomach and small intestine are described later, together 
with the paraendocrine gastrinomas of the pancreas, 
causing the Zollinger-Ellison syndrome. 


The Anterior Pituitary 


Tumors or hyperplasia of the anterior pituitary cause 
general features, by secreting hormones in excess, and 
local effects, by exerting pressure on the adjacent 
normal tissues in the pituitary and in the hypothalamus. 
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The lesions are nearly always benign and occasionally 
form part of the syndrome of multiple endocrine 
adenopathy. 

Apudomas secreting corticotrophin (ACTH), which 
arise from the c cells (corticotrophs), are the most 
common cause of Cushing's syndrome. An almost con- 
stant companion of ACTH is the melanocyte stimulating 
hormone (MSH) which, when present in great excess, 
causes pigmentation. Although the c and m cells are 
listed separately (Table 1), it is uncertain whether or 
not they are distinct. Patients with large tumors, and 
especially those tumors which continue to grow after 
bilateral adrenalectomy, often develop severe Addisonian 
pigmentation. 

Apudomas secreting growth hormone arise from the 
s cells (somatotrophs) and cause acromegaly in adults 
and giantism in adolescents. 

Tumors secreting prolactin arise from the | cells (lacto- 
trophs) and cause the Forbes-Albright syndrome of 
galactorrhoea and amenorrhoea. Although they have 
not been studied in detail, they are probably apudomas 
also. 

It has long been believed that so-called "chromophobe 
adenomas'' do not secrete hormones, but cause pressure 
effects only. It now appears that the great majority of 
those in women and a few of those in men actually secrete 
prolactin, which may be clinically silent,® and that they 
are probably apudomas also. 

Until recently, only two methods were used widely 
for the removal or destruction of pituitary tumors, 
namely surgical hypophysectomy by the transfrontal 
route and external radiotherapy, which were often 
used in the same patient. The disadvantages of these 
procedures were that the former carried an appreciable 
operative mortality, except in a few centers, and that 
the latter was not very effective. In recent years three 
other methods have been developed and tested thoroughly, 
namely external irradiation with a proton beam, transeth- 


‘mosphenoidal hypophysectomy and internal irradiation 


with radioactive isotopes. In the few centers where 
they are available, all are yielding excellent results, 
but controlled trials to compare them with each other 
or with older methods have not been undertaken. 


Calcitoninoma 
(Medullary Carcinoma of the Thyroid) 


This apudoma, which accounts for 6 to 8% of thyroid 
malignancies, arises from the C cells of the thyroid 
and secretes large quantities of calcitonin. This hormonal 
excess does not in itself produce any clinical features, 
presumably because it stimulates a secondary hyper- 
secretion of parathormone whose effects are antagonistic. 
The high blood levels of calcitonin, which can be further 
provoked by a calcium infusion or other stimuli, are 
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diagnostic of the tumor, and serial measurements of 
calcitonin after treatment may help to montor the 
progress of the disease. 

About 20% of patients suffer from diarrhea, which may 
be caused by a prostaglandin secreted by the tumor 
and which may respond to treatment with nutmeg.’ 

Surgical removal of the affected lobe or lobes of the 
thyroid and of all involved lymph nodes is the only 
effective form of therapy, and three-quarters of the 
patients so treated survive 5 years. 

These lesions may form part of a familial syndrome 
of multiple endocrine adenopathy and may then be diag- 
nosed at a preclinical stage. 


Orthoendocrine Apudomas Secreting Amines 


These apudomas arise mainly from apud cells in the 
gastrointestinal tract and the sympathetic nervous 


system including the adrenal medulla. 


Carcinoid Tumors 


These apudomas are thought to arise from the entero- 
chromaffin (EC) cells of the gut. Most are benign and 
are found in the appendix after appendectomy or in- 
cidentally in other parts of the bowel after resection. 


Malignant carcinoids are most common in the! terminal , 


ileum, where they are often multiple. At least one-third 
of patients with carcinoids of the small bowel have a 
second, unrelated, malignant tumor, often in another 
part of the alimentary tract. Occasionally the tumor 
forms part of a syndrome of multiple endocrine adenop- 
athy. Although malignant carcinoids metastasize to the 
liver and elsewhere, they tend to grow extremely 
slowly and many patients survive in reasonable health 
for several (and sometimes many) years. 

Most carcinoids of the midgut and its derivatives 
are argentaifin and secrete 5-hydroxytryptamine (5-HT) 
together with the enzyme kallikrein, which is responsible 
for the formation of bradykinin in the blood. Large 
malignant tumors secrete these substances in great 
amounts but, since they are normally inactivated in the 
liver (where they are carried by the portal circulation), 
no harm results. When large hepatic metastases develop 
and secrete them also, they enter the systemic circula- 
tion directly and cause the malignant carcinoid syndrome. 
A few carcinoids have been described in sites, such 
as the ovary, which drain into the systemic circulation 
directly and cause the syndrome in the absence of 
metastases. Motilin (a humoral agent which stimulates 
gastric motility) and possibly substance P (perhaps 
a local hormone which stimulates smooth muscle and 
dilates blood vessels) have been identified as products 
of the small intestinal EC cells, but have.not yet been 
found in tumors. 
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The syndrome is diagnosed on clinical grounds and 
on investigation in the laboratory. The most common 
symptoms are flushing, diarrhea and asthma, and the 
most sinister complication is tricuspid or pulmonary 
stenosis. The most helpful investigation is measurement 
of the urinary excretion of 5-hydroxyindole acetic acid 
(5-HIAA), the major metabolite of 5-HT. 

Initial treatment is removal of as much of the primary 
tumor and the hepatic metastases as possible. Cytotoxic 
agents may be administered systemically or by local 
infusion into hepatic vessels. Cyclophosphamide, 5- 
fluorouracil and streptozotocin, given systemically, 
have caused regression of the syndrome in some patients. 
Infusion of 5-fluorouracil into the portal vein, after 
ligation of the common hepatic artery, decreases the 
size of the liver secondaries and causes regression of 
the syndrome, at least temporarily, in a few. The 
excretion of 5-HIAA falls after resection of the tumor 


-and often after successful treatment with cytotoxic 


agents. Periodic measurement gives valuable and early 
information about recurrence. 
. Drug therapy is not uniformly effective, but may be 
helpful in the relief of symptoms. Methysergide, a 5-HT 
antagonist, helps to relieve diarrhea and bronchospasm 
and p-chlorophenylalanine may relieve diarrhea and 
improve appetite and wellbeing. a-Methyldopa is 
probably the best drug for the relief of flushing. 
Carcinoid tumors of the foregut and its derivatives 
(stomach and bronchi) tend to secrete 5-hydroxtrypto- 
phan (S-HTP, the precursor of S-HT) and histamine, 
and to cause the very severe ''atypical carcinoid 
syndrome.”’ 
Carcinoid tumors at all sites, as will be described later, 
also form paraendocrine tumors.!* . 


Adrenal Medulla and related structures 


Sympathogonia, the most primitive cells of zhe neural 
crest, are the putative origin of the highly malignant 
neuroblastomas, while the differentiated ganglion cells, 
pheochromocytes and paraganglion cells give rise to 
ganglioneuromas, pheochromocytomas and paraganglio- 
mas respectively. Most of these tumors are benign. 

All the cells of origin are apud cells and all the 
tumors are probably apudomas, although only the pheo- 
chromocytomas have been studied extensively from this 
point of view. Nearly all pheochromocytomas, 75% of gan- 
glioneuromas and neuroblastomas (and intermediate 
types of tumor), and an unknown proportion of para- 
gangliomas are orthoendocrine and secrete excessive . 
quantities of the catecholamines, epinephrine and/or 
normetanephrine. A few of these tumors are paraendo- 
crine and secrete polypeptides also. 

Pheochromocytomas™ arise from pheochromocytes 
in the adrenal medulla (80%) or elsewhere in sympathetic 
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nervous ganglia from the neck to the pelvis. About 99% 
are found within the abdomen. Tumors are multiple 
in some 20% of adult patients and in a higher proportion 
of children. Most, but not all, in the adrenal medulla 
secrete mainly epinephrine and most elsewhere secrete 
mainly norepinephrine. 

The symptoms are well known, the most important 
being arterial hypertension and sweating, which are often 
paroxysmal. Others, however, are many and various. 
Diagnosis involves measurement of the urinary excretion 
of vanilmandelic acid (YMA), the main metabolite of 
the catecholamines, which is higher than normal in 95% 
of patients. The urinary metanephrines and catechol- 
amines themselves are raised in a higher proportion 
still. Localization of the tumors is achieved, after a- 
blockade by selective arteriography and, when this 
fails, by selective venous sampling and measurement 
of catecholamines in the blood. 

Pheochromocytomas must be removed surgically. 
Treatment has been transformed in recent years by the 
use of sympathetic a-blockade before operation (and 
before invasive radiodiagnostic procedures) and the 
infusion of plasma after removal of the tumor or tumors. 
The rationale of these measures is that catecholamines 
cause constriction, not only of the arterioles (causing 
arterial hypertension), but also of the great veins 
(causing reduction of the blood volume). Failure to 
recognize this in the past led to severe hypotension 
as soon as the tumor(s) had been removed, necessitating 
the infusion of noradrenaline. Although therapy based 
on the assumption that patients are hypovolemic is 
highly effective, actual measurements of blood volume 
in those with pheochromocytomas frequently reveal 
normal blood volumes, perhaps because the methods 
used are too crude or because not all patients are 
hypovolemic. . 

Since pheochromocytomas are often multiple and in 
extra-adrenal sites, they are best approached through 
‘a long midline or paramedian incision, so that both 
adrenals, the whole paraaortic region and the pelvis 
can be explored. An exception to this rule may be made 
if a tumor greater than about 5 cm in diameter is seen 
on one side, when a lateral incision, through the bed 
of the 11th rib on the left or the 10th rib on the right, 
gives easier and safer access. On the right side the 
proximity of the tumor to the inferior vena cava makes 
this particularly desirable. In these circumstances the 
peritoneal cavity should be opened and explored after 
removal of the tumor. If a second tumor is found, it 
may be removed through a second appropriate incision, 
perferably at the same operation. 

Despite preliminary a-blockade, squeezing a pheo- 
chromocytoma causes a brisk rise in arterial blood 
pressure, which may be controlled with phentolamine 
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or phenoxybenzamine intravenously. The use of f- 
blockers is reserved for cardiac irregularities. They 
are rarely needed preoperatively, but are useful during 
the operation. 

After operation urinary measurements of catechol- 
amines and/or their metabolites should be repeated to 
ensure removal of all tumorous tissue. These should be 
delayed for about two weeks (or longer if the postoper- 
ative course is complicated) because the metabolic re- 
sponse to major operative stress increases urinary 
excretion for 10 days or so. 

Removal of pheochromocytomas cures all the symp- 
toms, especially those of an episodic nature, but some 
degree of sustained hypertension usually persists. 

Neuroblastoma and Ganglioneuroma. These tumors 
(the former highly malignant and the latter benign) and 
many intermediate forms are apudomas. About three- 
quarters of them secrete catecholamines in sufficient 
quantity to increase the urinary excretion above normal, 
but they rarely cause general metabolic features. At 
operation, however, the blood pressure may rise 
alarmingly and they are best managed in the same 
way as pheochromocytomas. Some patients have severe 
diarrhea, which is cured by removal of the tumor. 
This may be due to the paraendocrine secretion of 
vasoactive intestinal polypeptide (VIP). 


Paraendocrine Apudomas 


Paraendocrine syndromes (PES) are clinical states, 
usually associated with hypersecretion of hormones by 
particular glands, but occurring in different circum- 
stances. There are two main groups of syndromes which 
involve apudomas. 

Paraendocrine Syndromes Type 1. In PES 1, tumors 
of endocrine glands secrete hormones or humoral agents 
which are foreign to their presumptive cells of origin, 
but characteristic of others (e.g. tumors of glands other 
than the anterior pituitary secrete ACTH and cause 
Cushing’s syndrome). 

The main tumors, hormones, humoral agents and syn- 
dromes are listed in Tables 2 and 3. The most common 
tumors are those of the islets of Langerhans, which 
are usually malignant when causing paraendocrine 
syndromes, and carcinoid tumors, especially of the 
bronchus. The most common paraendocrine syndrome is 
Cushing’s (ectopic ACTH) syndrome. These tumors 
may secrete their normal (orthoendocrine) hormones 
in addition to abnormal ones, up to a total of about 
eight. The resulting clinical syndromes depend on the 
hormones or humoral agents released into the circulation, 
one or more of which may be "silent." For example, 
an islet cell tumor may secrete ACTH, MSH and 
gastrin in large quantities, producing Cushing’s syn- 


Fy 


a? 


Vol. INS e No. | 


drome and pigmentation, but no gastric hypersecretion 
or peptic ulceration. 

According to the hypothesis that apudomas arise from 
cells of neural crest origin, paraendocrine secretion is 
the result of dedifferentiation, whereby the apud cell 
apparatus mobilizes the primitive potential of its em- 
bryological anlage and assumes the secretory properties 
of any members of the series. Parathyroid cells are not 
apud cells and parathyroid lesions are not apudomas. 
However, as pointed out earlier, the parathyroids may 
arise from neuroectoderm and share some fundamental 
properties of the derivatives of the neural crest. Other 
paraendocrine tumors in the thymus, ovary and adrenal 
cortex, secrete ACTH, parathormone (PTH), gonado- 
trophins and erythropoietin. These properties cannot yet 
be explained. 

Paraendocrine Syndromes Type 2. In PES 2, tumors 
or other lesions of organs or tissues, which are not usually 
regarded as endocrine in nature, secrete hormones or 
humoral agents characteristic of endocrine tissues. 
The most common of these is an oat cell carcinoma of 
the bronchus, secreting ACTH or ADH or, more rarely, 
other hormones. It is an apudoma, but its cell of origin 
is not known. Both the P and the EC cells have been 
proposed. Melanomas arise from melanocytes, which 
have no known secretion, but are apudomas and rarely 
secrete ACTH. Other paraendocrine apudomas, whose 
cells of origin are not known, have been described in 
the gut and in the kidney. 

Paraendocrine tumors of other types, arising in the 
bronchi or in other organs, and not known to be 
apudomas, may sometimes secrete hormones, some of 
which are normal products of apud cells and some 
normally derived from cells of other types. There is no 
simple explanation for the secretion of polypeptide 
hormones by any of these tumors. One suggestion is 
that the tumor cells are hybrids of two types of cell, 
one of them an apudoma, and that they assume the 
properties of both.?' | 


Paraendocrine Syndromes (PES) 


Some of the PES are of particular importance to the 
surgeon and are amenable to surgical treatment. Others 
may be terminal manifestations of tumors which are far 
advanced. 

Cushing's (ectopic ACTH) Syndrome. Cushing’s 
syndrome is the most common form of paraendocrine 
syndrome of both types. The most common causative 
lesions are oat cell carcinoma of the bronchus, carcinoid 
tumors (especially of the bronchus), epithelial carcinoma 
of the thymus, islet cell tumor of the pancreas, pheo- 
chromocytoma and ovarian carcinoma. Most of these 
secrete ACTH and MSH, which overstimulate the adrenal 
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cortices, rendering them hyperplastic, and cause pig- 
mentation. Very rare tumors have been described, 
which secrete corticotrophin-releasing hormone (CRH), 
the hypothalamic hormone which stimulates the secretion 
and release of ACTH by the anterior pituitary. 

The syndrome is usually very acute in onset, and 
metabolic disorders, such as hypokalemic alkalosis 
and diabetes, usually precede the ordinary clinical 
features. The syndrome is more common in men than in 
women (unlike the ordinary form), muscle wasting and 
weakness are usually severe, and pigmentation is 
common. The plasma ACTH and plasma and urinary 
cortisol levels are usually elevated much more than in 
the common form of the syndrome. 

These features should lead to the suspicion of an 
ectopic site of ACTH secretion and to a search for the 
underlying tumor. Bronchial carcinoma is usually far 
advanced, and effective therapy is impossible. Carcinoid 
tumors, however, may be benign, and their removal 
cures the syndrome. Adrenalectomy is rarely justified, 
except in the case of a slow-growing tumor which cannot 
be eradicated. 

Gastrinoma (Zollinger-Ellison Syndrome)? Zollinger 
and Ellison's original description in 1955 referred to 
two patients who exhibited a triad of: 1) fulminant peptic 
ulceration, which recurred despite gastric operations; 2) 
gross gastric hypersecretion: and 3) non-f islet cell 
tumor of the pancreas. Within the next few years many 
more patients were reported and it was established 
that many of them had multiple endocrine adenopathy; 
that the tumors secreted gastrin (or sometimes big gastrin) 
and were therefore gastrinomas; that more than half of 
them were malignant; that they were not always in the 
pancreas; that gastric hypersecretion was not necessarily 
gross; and that the only reliable form of treatment was 
total gastrectomy. Since radioimmunoassay for gastrin 
became available the preoperative diagnosis of the 
gastrinomas has been relatively easy in most cases, 
although in a few the level in the blood may not be 
high until stimulated by calcium or secretin. Patients 
with pernicious anemia may have similarly high levels 
of gastrin in the blood, owing to the failure of acidifica- 
tion of the gastric antrum, but they are readily distin- 
guished by the hematological findings and the presence 
of achlorhydria. 

Pancreatic gastrinomas are apudomas. Since the pan- 
creas does not normally secrete gastrin, they are para- 
endocrine tumors, but their cell of origin is disputed. 
The important point is that they are apudomas secreting 
gastrin, which could theoretically arise from any cell 
of the apud series. 

Several reported series include patients with the 
syndrome in whom no tumor was found, and the cause 
of the hypergastrinemia and gastric acid hypersecretion 
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was not clear. It is possible that some of these had hyper- 
plasia of the apud G cells of the gastric antrum, a form 
of lesion closely related to the apudomas, which may 
cause the same syndrome as a pancreatic gastrinoma 
and which was first described by Cowley and his col- 
leagues in 1973.7" 

It is now clear that five different types of apudoma 
and possibly a sixth type of lesion may produce gastrin 
in excess and cause variants of the Zollinger-Ellison 
syndrome. The five apudomas are: Paraendocrine: 
Pancreas Islet cell tumor (adenoma or carcinoma); 
Islet cell hyperplasia. Orthoendocrine: Stomach G cell 
hyperplasia (fig. 3); G cell carcinoma; Elsewhere Car- 
cinoma or adenoma in duodenum. The sixth lesion is 
parathyroid adenoma or hyperplasia, which will be dis- 
cussed later. 

In patients with hypergastrinemia causing gastric 
hypersecretion, with duodenal or jejunal ulceration, 
the preoperative investigations should include selective 
angiography of the pancreas for localization of a tumor 
and immunofluorescent staining of antral biopsies for 
the diagnosis of G cell hyperplasia. The latter responds 
to antrectomy (which has usually been combined with 
vagotomy), and total gastrectomy is not necessary. 
Gastrinomas in the duodenum probably arise in apud 
cells in the mucosa and those in the splenic hilum in 
ectopic islet cell tissue. A single example of a G cell 
carcinoma of the pyloric antrum has been described.!^ 

Some patients, who are unsuitable or not ready for 
total gastrectomy, may be treated with H, receptor 
blocking agent metiamide, which reduces the secretion 
of gastrin and of gastric acid and cures the ulceration.?! 
Unfortunately it is toxic and must be used only as a 
last resort. Other effective anti-secretory agents (some 
of them hormones) are, however, likely to become 
available soon. 

The WDHA Syndrome (Pancreatic Cholera, Vi- 
poma).*^ In 1958 Verner and Morrison observed that 
two patients with non-f islet cell tumors of the pancreas, 
presenting with watery diarrhea, did not develop peptic 
ulcers and had low gastric acid secretion. The syndrome 
has since been named the WDHA syndrome after the 
initial letters. of its three principle characteristics, 
namely Watery Diarrhea, Hypokalemia and hypo- or 
A chlorhydria. It is rare, being about one-tenth as common 
as the Zollinger-Ellison syndrome, and is sometimes 
part of the syndrome of multiple endocrine adenopathy, 
type I. 

A non- islet cell tumor of the pancreas is usually 
present and about half the tumors are malignant. Several 
cases have been described with bronchial (probably oat 
cell) carcinoma or with retroperitoneal neuroblastoma. 
The tumors release vasoactive intestinal polypeptide 
(VIP), a polypeptide humoral agent normally secreted 
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by the small and large intestines. In large doses it causes 
vasodilatation, increases the blood flow to the gut, induces 
watery diarrhea, reduces gastric secretion and has a 
strong cardiac inotropic action. These features are 
responsible for the clinical syndrome. In spite of 
achlorhydria, the gastric mucosa appears normal, and 
biopsy shows no loss of parietal cells. In some patients 
the secretion of acid may rise during episodes of re- 
mission from diarrhea. 

Patients usually present with explosive watery diarrhea, 
which does not respond to simple measures. All have 
a low plasma potassium ranging from | to 3 mEq per 
litre (1-3 mmol/l) when first seen, and they often have 
associated hypercalcemia, the cause of which is unex- 


plained, but which has been cured by the removal of 


the tumor. Facial flushing has been observed occasionally. 

The diagnosis is usually made by elimination of other 
possible causes of watery diarrhea associated with 
hypokalemia. Gastric secretion should be measured, 
preferably the one hour basal output and the peak acid 
output in response to pentagastrin (6 ug/kg). Achlorhydria 
or hypochlorhydria would suggest the WDHA syndrome. 
This may be confirmed by the finding of high levels 
of VIP in the blood, if a radioimmunoassay is available. 
An attempt should then be made to identify a pancreatic 
or other tumor. 

Treatment is directed towards finding and removing 
the tumor or tumors, and successful results have been 
reported. Steroids sometimes provide temporary amelio- 
ration of symptoms. Deposits in the liver may be treated 
effectively by intraarterial infusion of streptozotocin.!? 


Multiple Endocrine Adenopathy (MEA) 


The term multiple endocrine adenopathy describes a 
group of syndromes, often familial, in which two or 
more endocrine glands undergo hyperplasia or tumor 
formation in the same individual, either at the same 
time or consecutively. The glands usually exhibit hyper- 


function and secrete their normal major hormones 
(orthoendocrine syndromes). They may, however, 


secrete abnormal hormones instead or as well (para- 
endocrine syndromes). There are two main varieties 
of MEA. 

Multiple Endocrine Adenopathy Type I (MEA Í). 
In this group the parathyroid glands are most frequently 
involved (90%), and chief cell hyperplasia is the most 
common lesion, giving rise usually to hyperparathy- 
roidism, which is often mild. The pancreatic islet cells 
are also involved often (80%), causing the Zollinger- 
Ellison syndrome, hyperinsulinism, or the WDHA 
syndrome, in that order of frequency. The anterior 
pituitary is involved next (65%), causing space-occupying 
features of a pituitary tumor, acromegaly or, very rarely, 


TY 


4 


A2 


{ 


Vol. 185 e No. 1 


Cushing's syndrome. Hyperplasia of the adrenal cortex, 
when present, is probably secondary to an ACTH- 
secreting tumor of the pituitary. Carcinoid tumors are 
not uncommon. | | 

Many of these lesions are apudomas, and the syn- 
drome may result from a widespread dysplasia of apud 
cells. However, the parathyroid lesions cannot be readily 
explained in this way, since the parathyroid cells are 
not APUD in type and do not arise from the neural crest. 
They may, however (as mentioned already) arise from 
related neuroectoderm. Another possibility is that the 
hyperparathyroidism is secondary to hypersecretion of 
other hormones, for several of the intestinal hormones 
stimulate the secretion of calcitonin, and this, in turn 
promotes the secretion of PTH. 

Duodenal ulceration is a common feature of the syn- 
drome, and in patients with islet cell gastrinomas its 
occurrence is easily explained. However, in those 
without such a lesion the pathogenesis is obscure. It 
may be related to the hyperparathyroidism, for hyper- 
calcemia promotes the secretion of gastrin and this, in 
turn, stimulates the secretion of gastric acid. Parathy- 
roidectomy (in patients with or without MEA I) often 
reduces the secretion of gastrin and of acid, and some- 
times cures duodenal ulceration. A few patients have 
been described in whom the parathyroids were apparently 
secreting gastrin.??? Others apparently harbor relatively 
occult pancreatic gastrinomas, which may reveal them- 
selves again some years later. If it is possible to do so, 
operation for duodenal ulcer should be postponed until 
all the endocrine lesions have been treated. [t may then 
be unnecessary, unless the patient has a pancreatic 
gastrinoma, in which case total gastrectomy will probably 
be required. 

Multiple Endocrine Adenopathy, Type H (MEA II) 
(Sipple's Syndrome). In this syndrome a medullary 
carcinoma of the thyroid is associated with a pheochromo- 
cytoma, hyperparathyroidism and other lesions, in- 
cluding subcutaneous and submucous fibromas and 
hyperplasia of melanoctyes. The thyroid tumor produces 
large quantities of calcitonin which could give rise to 
secondary hyperparathyroidism. The whole syndrome 
may be regarded as an apud cell dysplasia. 

The pheochromocytoma is the lesion which requires 
the most urgent treatment, because investigation or 
treatment of other lesions may precipitate a fatal hyper- 
tensive crisis.? For this reason the possibility of MEA 
II should be considered in all patients with medullary 
carcinoma of the thyroid or hyperparathyroidism, and 
they should be screened for the presence of a pheo- 
chromocytoma. 

Measurement of calcitonin in the blood may reveal 
the presence of medullary carcinoma or a precancerous 
lesion, at a preclinical stage, in members: of affected 
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families, even in childhood.” Thyroidectomy, however, 
should not be undertaken lightly- because the disease 
may run a long and relatively benign course. 


Conclusion 


The realization that many apparently unrelated endo- 
crine tumors can be classed together into a family, 
known as apudomas, provides a convenient unifying 
concept which increases their understanding and may 
in the course of time lead to more effective methods 
of treatment. 

Many apudomas, such as carotid body tumors, await 
investigation of their secretory potential and others. 
particularly in the gut, probably await discovery. For 
instance, no tumors have yet been found to synthesize 
secretin, motilin, somatostatin or urogastrone, and 
it is to be hoped that awareness of these possibilities 
will lead to appropriate investigation of patients. 
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Comparison of Lymphedema Following Incontinuity and 
Discontinuity Groin Dissection 


DIMITRIOS PAPACHRISTOU, M.D., JOSEPH G. FORTNER, M.D. 


Wide excision of primary malignant melanoma en bloc with 
regional lymphadenectomy decreases the incidence of regional 
recurrence as compared with a discontinuous dissection. The 
more extensive soft tissue defect of the incontinuity procedure 
is of concern since major lymphatics are often ablated from the 
ankle region up to the aortic bifurcation. This problem was 
studied in 81 currently living patients, all of whom had been 
operated upon for primary melanoma located below the distal 
thigh. 

Measurable lymphedema was found in 64% who had had the 
incontinuity procedure and 69% in the discontinuity group. The 
incidence of advanced lymphedema (greater than two inches) was 
23% and 36%, respectively. All patients with advanced edema had 
been operated upon more than 3 years ago. Eighty per cent of 
patients operated upon more than 5 years ago had lymphedema. 
Wound complications had occurred in 41% of the patients in the 
incontinuity group and 42% in the discontinuity group, but this 
did not affect the incidence of edema. The clinical findings are 
readily explainable on the basis of lymphangiographic data. 


IDE LOCAL RESECTION of an invasive primary 

melanoma with regional node dissection is a highly 
effective form of treatment. Various therapeutic ap- 
proaches have been devised to eliminate the potential 
danger of occult cancer cells which may be between the 
primary site and the regional lymph nodes: isolation- 
perfusion or infusion of the extremity with chemo- 
therapeutic agents, endolymphatic injection or isotopes, 
metachronous node dissection: and en bloc or incontinuity 
dissection of the regional lymph node basin with the 
primary site have all been used. The incontinuity pro- 
cedure significantly reduced the incidence of local 
recurrence in this institution to 2% as compared to 14% 
following the discontinuous dissections.? While the 
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dissection (incontinuity) is widely practiced when the 
primary basin is located near the regional nodes, more 
distant primaries below the knee pose the possibility of 
an increased morbidity from en bloc dissections. This was 
studied in a review of a series of patients treated at 
Memorial Sloan-Kettering Cancer Center. 


Materials and Methods 


The records of all living patients who had a groin 
dissection with excision of primary melanoma of the knee, 
leg and foot at Memorial Hospital between the years 
1954 to 1974 were reviewed. All patients who had an 
amputation or local recurrence were excluded. 

Fifty-four patients had groin dissection incontinuity 
(CD) with the primary lesion and 80 had been treated 
with the discontinuous procedure (DD) up to January 
1974. Thirty-six patients from the first group and 45 from 
the second were able to come to New York for evalua- 
tion. They were examined with particular attention to the 
degree of lymphedema present and for any disability. 


Results 


The most common complication after either the dis- 
continuous or en bloc procedure was lymphedema. 
Sixty-four per cent of the patients in the CD and 69% in 
the DD group were found to have differences in the 
diameter of the operated leg compared with the contra- 
lateral extremity measured at the ankle or midcalf level. 
The incidence of mild («1 inch difference) and signif- 
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icant (>1 inch difference) edema per procedure is shown 
in Figure 1. Thirty-six per cent of the patients in the 
DD group had significant edema (16/45) including 4 who 
had more than 3 inches in diameter difference. The 
incidence of significant edema in the CD group was 23% 
(8/36) including one case of advanced edema. 

Sex. There were 22 female patients in the CD group 
(61%) and 33 in the second group (73%). The incidence 
of lymphedema was 72% and 66%, respectively, while the 
figures for the males were 50% (7/14) and 75% (9/12), 
respectively. The overall incidence of edema for both 
procedures was 69% for the females and 61% for the 
males. The distribution of significant edema was propor- 
tional (30% in the female and 26% in the male group). 

Immediate and Late Edema. Forty-one per cent of the 
patients who underwent CD and 35% of the patients in the 
^ DD group developed edema of the leg during the first 
month after the operation (Fig. 2). The edema disappeared 
in 6 of the 15 in the first group and 4 of 16 in the second 
after various time intervals ranging from a few months to 
13 years following the procedure, usually during the first 
two years. | 

The incidence of lymphedema gradually increases as 
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the years go by for both procedures (Fig. 2) reaching levels 
above 80% after the fifth year. 

The distribution of the patients suffering from signif- 
icant edema was proportional in the various postopera- 
tive time groups; however, all patients with edema size 
greater than two inches had been operated upon more 
than three years prior to this evaluation and all 4 patients 
with incapacitating edema greater than 4 inches were 
operated upon more than 5 years ago. In almost all these 
patients the increase in edema size was gradual and 
unresponsive to treatment with diuretics and support 
stockings. . 

Age. Figure 3 shows the per cent distribution of the 
operated .patients in the various age groups. The 
incidence of edema was slightly higher in the 30 to 50 year 
age group (7796 for the CD and 7396 for the DD) as 
compared to 6096 incidence for the two procedures in 
older patients (above 50 years). The incidence of sig- 
nificant edema was proportionally distributed in the 
various age groups. o m 

Location of Primary. Most of the dissections were done 
for primaries located in the calf (Fig. 4) where a slight 
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preference for the discontinuous procedure is noted. 
Seventy-four per cent of CD and 68% of the DD done 
for melanoma of the calf resulted in lymphedema. 
The incidence of significant edema was 22% (6/27) and 
39% (15/38), respectively. The numbers in the knee and 
foot groups are too small for evaluation. 

Extent of Dissection. The radical or iliofemoral groin 
dissection was used with almost equal frequency in both 
groups of patients (89% of CD and 80% of DD) as 
shown in Fig. 5 with an equal incidence of lymphedema. 
A small number of patients were treated with superficial 
groin dissection. Sixty-nine per cent of them developed 
edema (9/13). All 4 patients in the CD group who under- 
went popliteal dissection in addition to the radical 
groin dissection were found to have edema greater than 
two inches. One popliteal dissection was done in the DD 
group and did not result in edema. 

Wound Problems. Forty-one per cent of the patients 
in the CD group and 42% in the DD group developed 
wound complications consisting of fluid accumulation 
under the flaps, flap necrosis, and suture line break- 
down; all required some kind of treatment (repeated 
aspirations, debridement, opening of the wound). The 
incidence of edema for this group was 58% (7/15 or 
46% in the CD group and 13/19 or 68% in the DD group). 

Four patients developed lymphangitis in the late post- 
operative period. In two of them, exacerbation of the 
edema followed. without response to any treatment. 
Another patient with documented erysipelas of the leg 
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was treated with penicillin and had no increase in the size 
of the leg. It is noted that the incidence of edema in 
the patients without wound complications was 72% (76% 
in the CD group and 69% in the DD group). 

Postoperative Care. Inspite of the instructions given by 
the operating physicians, support stockings were used 
only by 58% of the patients in the CD group and 71% 
in the DD group. Seventy-six per cent (16/21) of the pa- 
tients who used the stockings in the first group and 84% 
(27/32) in the second, were found to have edema. 
Only 19/24 patients with significant edema were still using 
their stockings when examined. All the remaining patients 
used them at irregular intervals, usually for the first few 
months after surgery. Almost exactly the same per- 
centages of patients used diuretics postoperatively. 
mostly patients with edema. The use of diuretics was 
even more irregular being more frequent in the fe- 
male group, particularly during menstruation. For these 
reasons, the effectiveness of support stockings and diuret- 
ics in preventing the formation of lymphedema could 
not be evaluated. 

Other. Two patients later underwent varicose vein 
ligation and stripping on the operated leg without exacer- 
bation of the edema. Another three developed small 
inguinal hernias following radical groin dissection. Five 
patients had to change their occupation after surgery. 
All five were females with significant edema. However, 
with few exceptions, the majority of patients with edema 
modified, even slightly, their activities to prevent exacer- 
bation. 


Discussion 


The procedure of lymph node dissection incontinuity 
with the primary site was designed to eradicate any 
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TABLE |. Extent of Dissection and Incidence of Edema 


Edema S/P 
Dissection Continued Discontinued Continued Discontinued 
Radical 89% 80% 65% 66% 
Superficial 4/36 9/45 2/4 7/9 
11% 20% 50% 77% 


neoplastic foci trapped into the superficial epifascial 
lymphatic ducts by removing a wide corridor of tissue 
from the primary site to the regional node basin, in- 
cluding the deep fascia. It involves wide undermining 
of the skin on each side of the corridor and is an ex- 
tensive procedure compared with the traditional dissec- 
tion in discontinuity. 

Since a longer portion of lymphatic ducts is removed, 
one would expect a higher incidence of postoperative 
edema.' Experiments in animals* demonstrated lack of 
regeneration of lymphatic ducts when a major portion 
of them had been excised. Regeneration of lymphatics 
occurred only after simple transection and reapproxima- 
tion of the wound edges, or after excision of a short 
duct segment.*' These findings have been confirmed 
in the human by lymphangiographic studies.? Lymphan- 
giograms obtained after groin and axillary dissections 
showed various patterns of collateral lymph circulation 
but no regeneration of excised ducts. The lymph returns 
via remaining ducts of the same duct system or via 
ducts of adjacent regions and deeper planes and most 
commonly regurgitates in the capillary plexuses to be di- 
verted into ducts draining other parts of the skin.? 
Another investigator® working with the dissecting micro- 
scope was unable to see any direct anastomosis between 
the medial and lateral superficial lymphatics in the human 
leg. These observations point to the fact that when a major 
part of a duct is resected, then the whole duct becomes 
useless in the transportation of lymph. Accordingly, 
the discontinuous groin dissection involving removal of 
part of the medial superficial lymphatic duct group, has 
the same effect on lymph circulation as the incontinuity 
dissection which includes a longer part of the same ducts 
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in the specimen. This is in agreement with our findings 
showing no difference in lymphedema between the two 
procedures. 

The gradually increasing incidence of lymphedema as 
the patients live longer after both procedures, and the ac- 
cumulation of all the cases with advanced lymphedema in 
the late postoperative years, implies a gradual deteriora- 
tion of the collateral lymph circulation as proven by 
histologic studies.? The collateral ducts are dilated ini- 
tially due to the increased pressure in the lumen,? the 
values become incompetent? * and a back-flow into the 
precapillary network develops as the ducts stenose 
gradually to be completely obliterated eventually.? 


Conclusion 


Analyzing the incidence and severity of the post- 
operative complications by age, sex, extent of dissection, 
and location of primary site, we were unable to demon- 
strate any significant differences between the incontinuity 
groin dissection and the discontinuous procedure in this 
patient population. Since the incontinuity dissection sig- 
nificantly decreases the incidence of local recurrence of 
melanoma to a low 246, it emerges as the procedure 
of choice in the treatment of melanoma of the lower 
extremity whenever a groin dissection is indicated. 
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mooth Way to Roug 5 


Our natural-fiber, bulk-producing laxative is 
the easy way to give your patients the roughage 
they need. Metamucil comes in two forms, the 
regular Powder and Instant Mix. A teaspoonful of 
the regular Powder is mixed with water or a 
favorite juice; the unit-dose Instant Mix effervesces 
into a citrus-flavored drink. 

Since it is made from grain, Metamucil moves 
through the digestive tract at about the same 
normal rate as food. It helps encourage the 
restoration of good transit time and the gentle 
passage of stool. 

Metamucil is indicated in constipation, 
whether simple or associated with such conditions 
as diverticular disease, irritable bowel syndrome 
or hemorrhoids. 
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3 psyllium hydrophilic mucilloid 
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low incidence of adverse renal or eighth nerve 
reactions with gentamicin. The risk of such 
reactions is low in patients with normal renal 
function who do not receive the drug at higher 
dosages or for longer periods of time than 


recommended. Op. 
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Proper patient management—the key to 
minimizing the risk of adverse reactions 
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In serious gram-negative infections* 






GARAMYCIN ' Injectable, brand of gentamicin 
sulfate. U.S.P. injection, 40 mq. per ml. 

Each ml. contains gentamicin sulfate, U.S.P. equivalent 
to 40 mg. gentamicin. 

For Parenteral Administration. 










WARNING 


Patients treated with GARAMYCIN Injectable 
should be under close clinical observation 
because of the potential toxicity associated 
with the use of this drug. 

Ototoxicity, both vestibular and auditory, 
can occur in patients, primarily those with 
pre-existing renal damage, treated with 
GARAMYCIN Injectable usually for longer 
periods or with higher doses than 
recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in mind 
when it is used in patients with pre-existing 
renal impairment. 

Monitoring of renal and eighth nerve func- 
tion is recommended during therapy of 
patients with known impairment of renal func- 
tion. This testing is also recommended in 
patients with normal renal function at onset of 
therapy who develop evidence of nitrogen 
retention (increasing BUN, NPN, creatinine or 
oliguria). Evidence of ototoxicity requires 
dosage adjustments or discontinuance 
of the drug. 

In event of overdose or toxic reactions, peri- 
toneal dialysis or hemodialysis will aid in 
removal of gentamicin from the blood. 

Serum concentrations should be monitored 
when feasible and prolonged concentrations 
above 12 mcg./ml. should be avoided. 

Concurrent use of other neurotoxic and/or 
nephrotoxic drugs, particularly streptomycin, 
neomycin, kanamycin, cephaloridine, 
viomycin, polymyxin B, and polymyxin E 
(colistin), should be avoided. 

The concurrent use of gentamicin with 
potent diuretics should be avoided, since 
certain diuretics by themselves may cause 
ototoxicity. In addition, when administered 
intravenously, diuretics may cause a rise in 
gentamicin serum level and potentiate 
neurotoxicity. 

USAGE IN PREGNANCY Safety for use in 
pregnancy has not been established. 














































INDICATIONS GARAMYCIN Injectable is indi 
cated, with due regard for relative toxicity of antibiotics, 
in the treatment of serious infections caused by 
susceptible strains of the following microorganisms: 

Pseudomonas aeruginosa, Proteus species 
(indole-positive and indole-negative), Escherichia 
coli and Klebsiella-EnterobacterSerratia 
species. 

Clinical studies have shown GARAMYCIN Inject- 
able to be effective in septicemia and serious infections 
of the central nervous system ( meningitis), urinary 
tract. respiratory tract, gastrointestinal tract, skin and 
soft tissue (including burns). 


* Due to susceptible organisms 





CIN LMAN. 
sultste80mg/2ml. 


40 mg./ml. Each ml. contains gentamicin sulfate 
equivalent to 40 mg. of gentamicin 


Bacteriologic tests to determine the causative organ- 
isms and their susceptibility to gentamicin should be 
performed. 

Bacterial resistance to gentamicin develops slowly in 
stepwise fashion: there have been no one-step muta- 
tions to high resistance 

In suspected or documented gram-negative sepsis, 
GARAMYCIN may be considered as initial therapy. 
The decision to continue therapy with this drug should 
be based on the results of susceptibility tests, the 
severity of the infection, and the important additional 
concepts contained in the Warning Box. 

For suspected sepsis when the infecting organism 
is unknown, gentamicin may be administered in 
conjunction with a penicillin-type drug. Following iden- 
tification of the organism and its susceptibility, appro- 
priate antibiotic therapy should then be continued. In 
the neonate with suspected sepsis or staphylococcal 
pneumonia, a penicillin-type drug is also usually indi- 
cated as concomitant therapy with gentamicin. 

GARAMYCIN Injectable has been shown to be 
effective in serious staphylococcal infections. It may be 
considered in those infections when penicillins or 
other less potentially toxic drugs are contraindicated 
and bacterial susceptibility testing and clinical judg- 
ment indicate its use. 

CONTRAINDICATIONS A history of hypersensi- 
tivity to gentamicin is a contraindication to its use. 
WARNINGS See Warning Box. 

PRECAUTIONS Neuromuscular blockade and 


respiratory paralysis have been reported in the cat 
receiving high doses (40 mg./ kg.) of gentamicin. The 
possibility of these phenomena occurring in man 
should be considered if gentamicin is administered to 
patients receiving neuromuscular blocking agents. 
such as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in overgrowth 
of nonsusceptible organisms. If this occurs, appro 
priate therapy is indicated. 


ADVERSE REACTIONS: 

Nephrotoxicity: Adverse renal effects, as demon 
strated by rising BUN, NPN, serum creatinine and 
oliguria, have been reported. They occur more 
frequently in patients with a history of renal impair 
ment treated with larger than recommended dosage. 

Neurotoxicity: Adverse effects on both vestibular 
and auditory branches of the eighth nerve have been 
reported in patients on high dosage and/or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, 
roaring in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, and 
convulsions have also been reported. 

Note: The risk of toxic reactions is low in patients 
with normal renal function who do not receive 
GARAMYCIN Injectable at higher doses or for longer 
periods of time than recommended. 

Other reported adverse reactions. possibly related to 
gentamicin, include increased serum transaminase 
(SGOT, SGPT), increased serum bilirubin, transient 
hepatomegaly, decreased serum calcium: splenomeg 
aly, anemia, increased and decreased reticulocyte 
counts, granulocytopenia, agranulocytosis, thrombo 
cytopenia, purpura: fever, rash. itching, urticaria, 
generalized burning, joint pain. laryngeal edema: 
nausea, vomiting, headache, increased salivation, leth 
argy and decreased appetite, weight loss, pulmonary 
fibrosis, hypotension and hypertension. 





DOSAGE AND ADMINISTRATION 
GARAMYCIN Injectable may be given intramuscularly 
or intravenously. 

For Intramuscular Administration: 

Patients with normal renal function 

Adults: The recommended dosage for 
GARAMYCIN Injectable for patients with serious 
infections and normal renal function is 3 mg./kg./day, 
administered in three equal doses every 8 hours. 

For patients weighing over 60 ka. ( 132 Ib). the usual 
dosage is 80 mg. (2 ml.) three times daily. For patients 
weighing 60 kg. (132 lb.) or less, the usual dosage is 
60 mq. (1.5 ml.) three times daily. 

In patients with life-threatening infections, dosages 
up to 5 mg./kg./day may be administered in three or 
four equal doses. This dosage should be reduced to 
3 mg./ kq./day as soon as clinically indicated. 

In children and infants. the newborn. and patients 
with impaired renal function, dosage must be adjusted 
in accordance with instructions set forth in the 
Package Insert. 

For Intravenous Administration: 

The intravenous administration of GARAMYCIN 
Injectable is recommended in those circumstances 
when the intramuscular route is not feasible (e.q., 
patients in shock, with hematologic disorders, with 
severe burns, or with reduced muscle mass). 

For intravenous administration in adults, a single 
dose of GARAMYCIN Injectable may be diluted in 100 
or 200 ml. of sterile normal saline or in a sterile solu- 
tion of dextrose 5% in water: in infants and children. 
the volume of diluent should be less. The concentra- 
tion of gentamicin in solution in both instances should 
normally not exceed 1 mq./ ml. (0.1%). The solution is 
infused over a period of one to two hours. 

The recommended dose for intravenous adminis- 
tration is identical to that recommended for intra 
muscular use. 

GARAMYCIN Injectable should not be physically 
premixed with other drugs, but should be administered 
separately in accordance with the recommended route 
of administration and dosage schedule. 


HOW SUPPLIED GARAMYCIN Injectable, 
40 mg. per ml., is supplied in 2 ml. (80 mg.) multiple 
dose vials and in 1.5 ml. (60 mg.) and 2 ml. (80 mg.) 
disposable syringes for parenteral administration. 

Also available, GARAMYCIN Pediatric Injectable, 
10 mg. per ml.. supplied in 2 ml. (20 mg.) multiple- 
dose vials for parenteral administration. 
011 JUNE 1975 

AHFS Category 8:12.28 


For more complete prescribing details, consult 
Package Insert or Physicians' Desk Reference. 
Schering literature is also available from your 
Schering Representative or Professional 
Services Department, Schering Corporation, 
Kenilworth, New Jersey 07033. 
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Dynafrost " 


AND SOME COLD, HARD 
FACTS CONCERNING 

CRYOSURGERY 
ON AN 


AMBULATORY BASIS. 


Today, more and more evidence points to the successful treatment of 
hemorrhoids with cryosurgery as an office procedure. Post-operative pain 
and prolonged discomfort are substantially reduced and even eliminated. 
Special diets are no longer necessary. Local anesthesia only, is required. 
Earlier resumption of normal activity is typically achieved. (The successful 
cryosurgical treatment of fissures, fistulas, condylomas, abscesses, 
pilonidal cysts and small adenomatous polyps, has also been extensively 
reported.) 














Now Dynatech has developed a simpler, yet more advanced instrument that 
makes in-office cryosurgery even easier and at a price you can afford. This 
revolutionary new DYNAFROST features a lightweight, high-visibility probe 
with one hand, finger-tip control. A selection of interchangeable tips for a 
wide variety of procedures is available. 


The quality-constructed, professionally-styled DYNAFROST is priced at 
$595 with a tip of your choice. Surely a worthwhile investment for every 
surgeon's office. To get complete information, including pertinent reprints, 
or to arrange a demonstration, write or phone today. 





DYNATECH CRYOMEDICAL COMPANY 


90 CAMBRIDGE STREET, BURLINGTON, MASSACHUSETTS, U.S.A. 01803 TEL: (617) 272-6050 TELEX’ 94-946* 
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Injection and tablets 





1 e 
AS THE MONOHYDRATE,BUFFERED,W YETH 

t Postoperative surgical infections 

tro Recent advances in surgical technique have been so remark- 
Ei able that now total joints can be replaced with prosthetic 
eres 2 devices. But the introduction of foreign materials — 
ES. protheses, pins, nails, screws —designed to replace damaged 
MN de tie partsor facilitate healing, can often lead to infection. Common- 
Er ly, the implicated organism will be a penicillinase-producing 
Mcr staph. Progression can be swift and devastating. 

Boot Initial antistaph therapy: injection 

Ste te S It's vitally important that effective treatment of bacterial inva- 
ER sion begin as soon as possible. If you suspect the presence 
CAN UE of staph and must begin therapy before definitive culture 
ERS A results are known, Injection Unipen® (nafcillin sodium)t is a 
eS Ree particularly suitable agent. 
d o D D Appropriate specimens for bacteriologic studies to determine 
Bue the causative organisms and their susceptibility to nafcillin 
mech should be taken prior to the first dose of antibiotic.t And, if 
TAVIT SS those studies subsequently implicate organisms other than 
ES Ratis penicillinase-producing staphylococci sensitive to nafcillin, 
zd React discontinue it and administer the appropriate antibiotic. 
oett Rapid penetration 
POS SOM Unipen appears rapidly in plasma following intramuscular 
E 0 x administration. Penetrates body tissues in high concentra- 
Qon Me tion and diffuses well into pleural, pericardial and synovial 
NOME e fluids. 
E MAIES LAT T: ” TT 
iced M ah SS On call" capability 
in edo T Reconstitutes in less than 60 seconds. Remains stable for 
UO RDUM 24 hours t 
Baer eT e 
C eas MM Follow-up therapy: tablets 
Ires Unipen is available in tablet form as well as parenteral. So the 
Mey injectable form can be used initially in severe infections. And 
Mer as soon as the clinical condition warrants, Unipen tablets 
Een allow you to continue antistaph therapy with the same anti- 
Pre é biotic in a form more agreeable to most patients. 
(LN. 
e e *Nafcillin-susceptible penicillinase-producing staphylococci. 
EDS" TSee Important Note on next page 
hit > £See important information under Parenteral Administration on next page. 
E : Wyeth Laboratories - priaceionia, Pa 19101 
a 


See important information on next page. 
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Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE,BUFFERED,W YETH 


Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
"susceptible" indicates that the infecting organism is likely to 
respond to therapy. A report of "resistant" indicates that the infect- 
ing organism is not likely to respond to therapy. A report of "'inter- 
mediate susceptibility' suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
If the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70° F.) 
during the time period stipulated: 


Isotonic sodium chloride... uaaa anaana aaea aaa 24 hours 
298 dextrose 10 Water orria ainan iai 24 hours 
5% dextrose in 0.4% 

sodium chloride solution..............0.000..0 00000 ee. 24 hours 
ATT: © SOON c.a a Ey epp bie 4p ERER DEER 24 hours 
M/6 sodium lactate solution 

(bonc. OF 30 MEM 1 oss cow div Da gr Rr vw d psa 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25? C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
l gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vides, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per m/. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS— containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES — containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION— Combination pkg. of vial of dry 
nafcillin sodium as monohydrate and bottle of diluent—provides 
80 ml. of solution containing equivalent of 250 mg. nafcillin per 
5 ml. Alcohol 2%. 
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Primary Melanoma of Skin of the Breast Region 


YEU-TSU N. LEE,* M.D., FRANK C. SPARKS, M.D., DONALD L. MORTON, M.D. 


Primary melanoma of skin of the breast region accounted for less 
than 5% of all malignant melanomas. During a two-year period, 12 
patients were seen with these unique lesions. It appears that wide 
excision and prophylactic lymphadenectomy, including radical 
mastectomy, gave the best long-term local and regional control. 
Dissection of the internal mammary nodes did not seem to be 
beneficial. Pertinent literatures emphasizing several important 
pathological factors which correlate with higher incidence of 
metastases to the regional lymph nodes are reviewed. A rational 
therapeutic approach, synthesizing above information and in- 
corporating postoperative adjuvant immunotherapy, is suggested. 


ALIGNANT melanoma of the breast should be divided 
M into two categories: Metastatic and primary 
lesions. In addition to cutaneous metastases, melanoma 
can spread to the breast parenchyma. Hadju and Urban?! 
described 14 such cases among 51 patients with 
metastatic cancer in the breast. Pressman*? summarized 
another 7 cases, and Silverman and Oberman?? added 6 
more patients. Hyman and Abellera?* noted metastatic 
melanoma in an intramammary lymph node. 

Primary melanoma can arise in the skin or glandular 
tissue of the breast. The latter condition is very rare and 
there are only two such cases reported in the litera- 
ture.!?^?* Melanoma of the skin overlying the breast is 
much more common. Statistically, approximately 25% 
of all malignant melanomas are located on the trunk 
(Table 1). Most such lesions are found in the pectoral 
or scapular regions and only 5% occur in the anterior 
chest wall.” [n contrast to the preponderance of females 
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among patients with malignant melanoma of the lower 
extremity,? melanoma of the trunk appears less often in 
females (the women to men ratio = 1:1.5).???? 

The treatment for malignant melanoma usually involves 
wide local excision of the primary tumor down to or 
including the underlying fascia in order to prevent local 
recurrence.! In keeping with these procedures, a partial or 
simple mastectomy would be necessary for melanoma 
of the breast. However, none of the articles written 
about melanoma of the trunk deal specifically with 
melanoma of the breast nor do they discuss whether a 
mastectomy influences the natural course of the disease. 

The rarity of this clinical problem and the complex 
decisions that may face other surgeons managing such 
cases prompted us to review our clinical experiences. 
We have seen 12 cases of primary melanoma of the breast 
region among 186 patients with melanoma of various 
sites during a two-year period. The clinical courses of 
these 12 patients are presented and the pros and cons of 
the surgical management of melanoma of the breast 
as reported in the literature are discussed. 


Material 


We reviewed 186 patients with biopsy-proven 
melanoma referred to the Division of Surgical Oncology, 
at the University of California at Los Angeles (UCLA) 
from August, 1971 thru September, 1973. All the patients 
were referred to the senior author (D.L.M.) for possible 
immunotherapy, and a significant number of the patients 
had complicated histories and required special manage- 
ment. Many of the details of the initial surgical therapy 
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TABLE I. Reported Frequency of Melanoma of the Trunk with Survival Rates 





5-Year Survival Rate 


Reference 





Year Total cases % Trunk All cases Trunk 
melanoma 
Pack et al.*° 1952 1.190 24.2 21.49€ 13.79€ 
Fortner et al." 1965 804 24.0 — EE 
Mundith et al.?? 1965 427 24.0 43.0 29.0 
Cochran‘ 1969 165 15.0 50.0 36.0 
Knutson et al.? 1971 230 19.6 30.0 16.0 
Shah & Goldsmith* 1972 1,3552 27.0 53.0 40.0 
Conrad* 1972 640 275 72.0 58.0 (histologically negative node) 
E D (histologically positive node) 
Overall 5.008 15.0—37.5% 21.4-72.0% 13.7-S8% 





and pathological specimens were not available, this we 
cannot correlate the width of normal tissue excised, 
diameter and thickness of the primary, the depth of 
invasion, etc., with the frequency of local or rezional 
recurrences. 

Among the 186 patients, we found 12 patients with 
primary melanoma located in the breast region. Breast 
region is defined according to Hicken?? who showed that 
the lactiferous ducts spread widely over the anterokateral 
chest wall. The boundaries of the breast region aʻe the 
clavicle, sternum, costal margin and anterior axillarv line. 

Five of these 12 patients were free of disease after 
surgical therapy. One patient had a 3 cm re-excision of a 
superficial spreading melanoma. Another patient died of 
a second cancer, adenocarcinoma of the jejunum, 81 
months following excision and nodal dissection for the 
melanoma. The other three patients, all treated at UCLA 
Medical Center, had wide excision and prophylactic 
dissection of the axillary lymph nodes. They have been 
followed for 18, 20, and 26 months without recurrence 
of disease. One patient with a Clark's level IV esion 
received post-surgical adjuvant immunotherapy. 

Seven patients had recurrent disease after initial 
therapy (sites of recurrence and treatments are presented 
in Table 2). Two of the 7 patients (J.A., J.W.) had 
wide excision and radical mastectomy as initial therapy 
and had no recurrence of local or regional disease. 
Distant visceral metastases appeared 70 and 92 months 
later. 

The initial treatment of the other five patients corsisted 
of wide excisions of the melanoma only. Two petients 
(A.F., H.K.) had recurrence near the original scars at 
12 and 24 months, followed by dissection of subsequent 
axillary metastases at 48 months. A third patient, th» only 
female (J. V.) had a radical mastectomy when melenoma 
recurred near the old scar over her breast 58 months 
after initial excision. A fourth patient (S.N.) n2eded 
axillary dissection 81 months after initial therapy This 
procedure delayed the reappearance of melanoma for 
about 40 months. The fifth patient (H.T.) had recurrence 
in two subcutaneous lymph nodes of the brezst 18 


months after excision of a melanoma in the medial 
breast, one lateral to the nipple and one adjacent to the 
lower axilla. These probably are the prepectoral and ad- 
ventitious mammary lymph nodes described by Haag- 
ensen.^? He encountered them only occasionally in his 
personal series of over 1,000 mastectomies. Such irregular 
nodal tissues can be found in subcutaneous tissue in 
the breast parenchyma or upon the fascia covering 
the pectoralis major muscle.?5 

Only one (H.T.) of these 7 patients had dissection of 
the internal mammary lymphatic tissues. Since none of the 
7 patients had recurrent disease in the internal mammary 
nodal chain even with medial or centrally located lesions, 
it would seem that internal mammary node dissection 
neither improves the regional control nor influences the 
distant dissemination. Six of the 7 patients received some 
form of immunotherapy. Treatment details and pre- 
liminary results of immunotherapy for malignant 
melanoma have been reported by us elsewhere. !*"** 

The I2 patients with melanoma of skin of the breast 
could be divided into three groups by their initial therapy: 
1) Of six patients who had wide excision only, 5 had 
recurrence either near the scars or in the axilla at 12, 18, 
24, 58 and 81 months that required further surgical 
intervention. All five had lymphadenectomy for clinically 
positive lymph nodes at 18, 48, 48, 81 and 98 months, 
followed by systemic dissemination of disease; 2) Of four 
patients who had wide excision and prophylactic dissec- 
tion of the axillary lymph nodes, three were free of dis- 
ease for 18, 20 and 26 months. The fourth patient died of 
an unrelated jejunal adenocarcinoma 81 months later; 
3) Two patients who had wide excision and radical 
mastectomy had no recurrence of local or regional disease 
but did have distant metastases at 70 and 92 months after 
initial therapy. 

This, it appears that wide excision of melanoma of the 
breast region alone is often followed by recurrence 
either near the scar or in the axilla and that wide excision 
and prophylactic axillary lymphadenectomy gave the best 
long-term local and regional control. Dissection of the in- 
ternal mammary nodes did not seem to alter the results. 
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TABLE 2. Seven Patients Who had Recurrent Disease 
Patient Re- . 
(Sex, Location Initial current Recurrent Condit:on at Last 
Age) of Lesion Therapy Interval Site Treatment for Recurrent Disease Follow-up 
J. À. One inch Wide excision 70 mon Lung Thoracotomy, resection of lung and mediasti- — 80 mon, died with 
(M, 24) below & radical nal nodes, systemic immunotherapy disease 
nipple mastectomy 75 mon Brain Chemotherapy 
J. W. One inch Wide excision 92 mon Disseminated Chemotherapy 95 mon, died with 
(M, 45) medial & radical disease 
to nipple mastectomy 
A. F. Areola . Wide excision 12 mon Near scar Wide excision 72 mon, alive and 
(M, 69) 48 mon Axilla Axillary node dissection, systemic immuno- well 
therapy 
57 mon Axilla Axilla re-dissection, radiotherapy 
H. K. Near Wide excision 24 mon Near scar Wide excision 79 mon, died with 
(M, 69) nipple 48 mon  Axilla Axillary node dissection disease 
52 mon Low neck Radical neck dissection, systemic immuno- 
therapy 
66 mon Disseminated Chemotherapy, radiotherapy 
T. M. Lower Wide excision 58 mon Near scar Radical mastectomy 152 mon, died with 
(F, 36) 98 mon — Axilla Radiotherapy, excision and chemotherapy disease 
124 mon Shoulder Forequarter amputation 
134 mon — Satellosis Intralesional BCG and systemic immuno- 
therapy 
141 mon Disseminated Chemotherapy 
S. N. Breast Wide excision 8! mon Axilla Axillary node dissection 143 mon, Cutaneous 
(M, 34) 124 mon Satellosis Intralesional BCG nodules al: gone, 
126 mon Disseminated Chemotherapy alive and well 
H. T. Medial Wide excision 18 mon Lateral to Wide excision, total mastectomy, axillary and 22 mon, died with 
(M, 53) lower nipple (Sub- internal mammary node dissection, disease 
cutaneous systemic immunotherapy 
nodules) 
2] mon Disseminated Chemotherapy 





We saw two patients treated with radical mastectomy. 
This approach could have prevented the recurrent lesions 
in prepectoral and axillary lymph nodes seen in another 
patient (H.T.). 


Discussion 


In general, melanoma of the trunk has the lowest 
survival rate (Table 1). Cochran’ hypothesized that 
melanoma of the trunk probably related to endogenous 
rather than exogenous carcinogens. His data showed that 
the prognosis for patients with melanoma of the exposed 
surfaces was better than that for melanoma of the 
covered areas (5-year survival rates: 58% vs 35%). 
Pack et al.*? reasoned that patients with melanoma of the 
trunk had a lower survival rate because the lymphatic 
drainage from the trunk was potentially unpredictable. 
For example, the metastases from melanoma of the ab- 
domen may spread to either groin, either axilla, either side 
of the neck or to all 6 regions. 

McNeer and Das Gupta?? showed that the prognosis 


. for trunk melanoma could be similar to that for lesions 


of the extremities or head and neck, if the disease 


was treated before involvement of the regional nodes. 
In their discussion of therapeutic approaches, McNeer 
and Das Gupta? listed four principles: 1) Radical 
neck dissection should be considered in melanoma of the 
infraclavicular region; 2) Bilateral dissection of the axil- 
lary or groin lymph nodes should be carried out for 
melanoma located at the midline dependent upon the ana- 
tomic location; 3) In melanoma of the lateral trunk, 
the level of the eighth rib seemed to define the direction of 
lymphatic spread, i.e., below this level, lymphatic drain- 
age was primarily toward the ipsilateral grcin, whereas 
melanoma above this line generally metastasized to the 
ipsilateral axilla; 4) Melanoma of the supraputic area 
was prone to metastasize bilaterally to lymph nodes of 
the groins. There was no specific mention of unusual 
treatment for melanoma of skin of the breast in these 
discussions. 

Attie and Khafif? commented that lesions located 
over the breast or on one side of the anterior chest 
wall were treated best by radical mastectomy with or 
without a skin graft. No clinical data or long-term 
results from this treatment approach were presented. 
Ke:cham** reported that he usually performs a complete 
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dissection of internal mammary nodes for melanoma of 
the anterior chest wall unless the lesion overlies the 
sternum and is deeply invasive and/or ulcerating. How- 
ever, he added that internal mammary nodes were seldom 
involved with tumor even at autopsy. Lise et al.?? 
reported a series of 20 patients who had prophylactic 
internal mammary node dissection for melanoma located 
between the nipple lines and only one patient had meta- 
static disease. Thus, dissection of this nodal basin did not 
improve survival rate. 

One wonders if prophylactic dissection of axillary 
lymph nodes should be carried out for melanoma of 
the breast region. There are as many answers and as 
much controversy over this question as there are to 
surgical treatment of early adenocarcinoma of the breast. 
Historically, prophylactic dissection of regional lymph 
nodes as an adjuvant to surgery for malignant melanoma 
was first proposed by Handley in 1907.” Knutson et al.” 
summarized 8 reports in the literature and showed that 
from 13 to 50% of clinically non-involved regional 
lymph nodes contained metastases by histological exam- 
ination. The survival rate in patients with pathologically 
positive lymph nodes is definitely lower than for those 
who had no metastases to nodes (5-year survival rate, 
30% vs 80%, and 15-year, 15% vs 53%).'® Unlike car- 
cinoma of the breast where the mortality rate rose 
Sharply when four or more nodes were involved, 
melanoma patient survival curves are quite similar 
whether two nodes or multiple nodes are involved.^'^ 

The proponents of prophylactic node dissection point 
to a 10 to 20% improvement in survival when lymphad- 
enectomy is done routinely for stage I melanoma.!9?:19:17:3? 
Patients who had prophylactic lymphadenectomy had 
fewer problems with local recurrence and regional node 
metastases (9% vs 40%).' In patients with clinical stage I 
disease, the removal of normal regional nodes does not 
appear to affect the host-tumor balance because the 
incidence of local failure after removal of uninvolved 
lymph nodes was similar to that of patients who did not 
have Iymphadenectomy.?? 

Skeptics of prophylactic lymphadenectomy emphasize 
that the difference in survival 
recurrence between patients treated with wide resection 
alone and those who had added lymphadenectomy is not 
Statistically significant."?^?* However, even skeptics?” 
recommend elective dissection of the regional nodes for 
melanoma of the head, neck, or upper extremities, 
when the lesion extends below the level of papillary 
dermis. For lower extremity lesions, they would not rou- 
tinely remove the ilio-inguinal nodes except when groin 
dissection could be performed in continuity with the 
primary tumor. Improved operative techniques us- 
ing separate abdominal and inguinal incisions,” and 
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better postoperative care?? have decreased the incidence 
of postoperative complications. 

Using a mathematical model, Polk et al.*' showed that 
the probability for benefit from prophylactic removal of 
the regional nodes might outweigh the "harm" when the 
chance of metastases to the lymph nodes was 20% 
or greater. Spratt et al.?** concluded that unless a cancer, 
including melanoma, demonstrated at least an 18% like- 
lihood of metastases to the inguinal lymph nodes, prophy- 
lactic groin dissection could not be justified. 

What are the characteristics that clinicians can use to 
predict the likelihood of lymph node metastases of malig- 
nant melanotic lesions? Several important prognostic 
factors include depth of invasion,9?? thickness of the 
lesion,’ degree of lymphocyte infiltration,'??? mitotic 
rate,??? gross diameter? and appearance.?!?? The first two 
appear to have the most influence on the natural history 
of melanoma and correlate best with results of therapy, 
although most of the factors are interrelated. 

Donnellan et al." studied 119 cases of melanoma 
of the head and neck region and Wanebo et al.* 
studied 151 patients with melanoma of the extremity. 
There was a striking correlation between the depth of 
dermal invasion according to Clark's classification? and 
the incidence of eventual lymph node metastases. Meh- 
nert and Heard?* showed that wide excision and pro- 
phylactic node dissection had a 2046 better 5-year survival 
rate over those without node dissection for intradermal 
lesions (Clark’s level III and IV). Wanebo et al.” 
showed that patients with level III lesions do significantly 
better when they have prophylactic node dissection. 
Thus, many surgeons recommend elective lymph node 
dissection for level III or deeper lesions. !??* 

Breslow? found that simultaneous evaluation of tumor 
thickness, as measured with an ocular micrometer, and 
level of invasion was of greater value in assessing 
prognosis than either alone. For melanoma invading 1.5 
mm or deeper, Wanebo et al.?? showed patients who had 
wide excision and node dissection had definite improve- 
ment in survival. Hansen and McCarten? also found that 
the addition of elective node dissection offered sig- 
nificantly improved survival for such lesions, especially in 
cases with minimal lymphocytic infiltration. 

Cady et al.? found that location, gross diameter, mitotic 
rate and depth of invasion were all useful criteria. 
Elective nodal dissection benefited only 1046 of the pa- 
tients whose melanoma occurred on the arm, head and 
neck, and those with combinations of low mitotic rate, 
maximal diameter less than 1.5 cm or level II depth 
of invasion. On the other hand, all nodular melanoma 
and deeper lesions of the leg and trunk had more than 
30% risk of regional nodal disease, and prophylactic 
nodal resection was indicated. 
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In our institution, many of the patients with stage II 
(positive metastases to the regional nodes) and stage III 
(metastases at distant sites) malignant melanoma received 
post-resectional adjuvant BCG immunotherapy. The 
long-term survival and apparent cure of patients A.F. 
and S.N. could be related to the immunotherapy they 
received. The background, rationale, treatment details 
and end results have been reported elsewhere.'??* Es- 
sentially, systemic BCG immunotherapy with or without 
additional tumor cell vaccine was only partially effective 
following surgical resection of tumor bulk in patients 
with stage III disease. However, early results using BCG 
immunotherapy as an adjuvant to primary surgical 
therapy of stage II lesions were most encouraging. At 
two years, the incidence of recurrence rate in BCG- 
treated patients was half that of the control group. BCG 
was more effective in patients with a smaller tumor burden 
at the time of initial surgical treatment. 


Conclusion 


About 5% of primary malignant melanoma of the skin is 
located in the breast region. It appears that there is no 
standard surgical approach for treatment of this unique 
lesion. After reviewing our own clinical data (12 patients 
seen over two years), and the current literature, we would 
recommend the following therapeutic approach. The 
primary lesion should be treated by a wide three dimen- 
sional excision. In certain female patients, when cosmetic 
results are important, the major part of the breast 
may be saved. However, the patient should be warned 
that the local recurrence rate is higher after limited 
resection and that melanoma can metastasize to lymph 
nodes located in breast tissue. 

Acknowledging several important pathological factors 
which correlate with higher incidence of metastases to 
the regional lymph nodes, an elective axillary dissec- 
tion is recommended for all melanomas invading papillary 
dermis or deeper (Clark’s level III or more) and/or 
with a maximal thickness of 1.5 mm or more as meas- 
ured with a micrometer. When the regional lymph nodes 
are clinically positive for melanoma, a therapeutic dissec- 
tion is mandatory. An internal mammary node dissec- 
tion does not improve local or regional control. In our 
institution, when the axillary lymph nodes contain 
metastases on histological examination, a randomized 
clinical trial is underway to compare no additional 
therapy with postoperative adjuvant immunotherapy 
using BCG alone or BCG with allogeneic tumor cell 
vaccine. 
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CEA Monitoring of Palliative Treatment for 


Colorectal Carcinoma 


MIGUEL A. HERRERA, M.D., T. MING CHU, PH.D., E. DOUGLAS HOLYOKE, M.D., ARNOLD MITTELMAN, M.D. 


Palliative treatment was applied to 131 cases of unresectable or 
palliatively resected colorectal carcinoma being monitored with 
serial CEA determinations. There were 84 instances of disease 
progression with 67 (80%) of them showing an increase in CEA 
above pretreatment levels or maintaining high levels, and 17 (20%) 
showing a fall when compared to pretreatment values or main- 
taining low initial values. There was a clear-cut regression 
of the disease in only 9 instances. In all 9, the CEA clearly 
dropped or maintained low values throughout the period of regres- 
sion. No patient in regression had a rise or maintained an 
elevated CEA level. These changes in CEA followed closely the 
clinical response of our patient to the use of a particular agent, 
although for the Nitrosourea compounds there may be a tendency 
to lower the CEA regardless of the patient’s tumor response to 
the drug. This could be due to the fact that the Nitrosoureas 
produce a diffuse block of cellular activity, both at the nucleous 
and cytoplasm; while other compounds act as alkylating agents 
or by inhibition of enzymes involved in the metabolism of 
nucleic acids (i.e., 5-FU inhibiting thymidylate synthetase). 
In general, longer survival was found in those patients who had 
initially lower levels of CEA as compared to those with high 
initial levels. The patients with a favorable CEA response to the 
treatment (falling CEA or maintained low value), even in many 
who did not show a clinical response had a longer survival 
than the group with rising or stable high levels. The main value 
in CEA monitoring of patients resides in its correlation with the 
amount of disease present and then its ability to detect progres- 
sion of tumor mass which is not clinically measurable. 


EASUREMENT of the level of carcinoembryonic 
M antigen (CEA) in serum or plasma is of value when 
employed as an adjunctive diagnostic tool in several 
malignancies, particularly large bowel cancer. In colon 
cancer, elevation of serum CEA has been found to be 
related to the mass of tumor present.? ?5:!?:!:!5 To date, 
most evidence indicates that this CEA assay is of little 
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practical value in screening the general population for 
occult malignancy. However, in our experience, the test 
appears useful when used to determine prognosis and to 
monitor patients with resectable colorectal carcinoma 
for early recurrence.??:569-11,1720 The usefulness of CEA 
as a monitor in palliative treatment of tumors has been 
suggested from several studies with breast cancer, ^"? and 
in some series with neuroblastoma!’ and gastrointestinal 
adenocarcinomas.5:7:19.15.17 

Therefore, in this study, we have examined the useful- 
ness of CEA as a monitoring tool in the management of 
patients under treatment for unresectable colorectal 
carcinoma. We have investigated the correlation between 
changes in the CEA value and the clinical response of 
our patients to palliative therapy. 


Material and Methods 


One hundred and thirty-one patients with unresectable 
histologically proven colorectal adenocarcinoma under- 
went palliative treatment and 103 of these individuals 
were followed for longer than 3 months with at least 
two plasma CEA determinations. A total of 1220 CEA 
determinations was carried out with an average of 9 
samplings per patient. When possible, patients were clini- 
cally grouped as demonstrating either progression or re- 
gression, with some patients having a clinical course that 
classified them as in progression at one time and as in 
regression at another. There were some patients in 
whom any clinical changes which occured while they were 
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being observed were so subtle that they could not be clas- 
sified as either showing progression or regression. 

We defined progression rigorously as identification of a 
measurable lesion with at least a 50% increase in size when 
compared to any previous measurement, either by direct 
examination of the lesion or by the use of scan or x-ray. 
The majority of the lesions were confirmed as metastases 
either by previous exploration or post-mortem examina- 
tion. The appearance of any new lesion was also 
called progression of the disease. 

In this study, only regression was considered as a 
positive response to the treatment. The term regres- 
sion was applied to a more than 50% reduction in size 
of a measurable lesion by the same standard as for 
progression. Also a disappearance of lesions of more than 
2 cm in diameter was designated regression. A mixed 
picture with some lesions showing progression and other 
regression was called progression. Changes in the general 
condition of the patients, laboratory changes, change in 
liver size without exploration and/or biopsy confirmation 
of metastases were not considered as progression or re- 
gression. Patients were treated with different modalities 
of therapy: chemotherapy with 5-FU and Nitrosourea 
alone or combined with radiotherapy were the principal 
means of treatment. 

Patients treated with 5-Fluorouracil (5-FU) received a 
loading dose of 12.5 mg/kg/day i.v. for 5 days followed 
by a weekly i.v. dose of 15 mg/kg. The Nitrosoureas 
were given orally in a single dose of 175 mg/M? re- 
peated at 6-week intervals, I-(2-chloroethyl)-3-4-meth yl- 
cyclohexyl-I-nitrosourea (MeCCNU) and I-(2-chloro- 
ethyl)-3 cyclohexyl-I-nitrosourea (CCNU), or 40 mg/M? 
i.v. every 6 weeks 1.3 bis(2-chloroethyl)-1-nitrosourea 
(BCNU). 

Radiation therapy consisted of 5,000 to 6,000 rads as 
the tumor dose, 200 rads/day were given in a split course 


TABLE 1. Pattern of Change in CEA in 75 Patients with 
Palliative Treatment with 5-FU for 
Colorectal Carcinoma 


No. Patients 


CEA did not decrease significantly 


or remained high 48 
Elevation immediately 
after treatment 20 
Became elevated after 
a brief drop 17 
Did not change (stayed 
elevated) 10 


CEA did decrease significantly 


or remained low 28 
CEA fell and remained low 12 
CEA fell after a brief rise 13 
Did not change (stayed low) 3 

Total 78 
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of 3,000 and 3,000 rads with a two-week rest interval. 
Palliative resection usually consisted of removal of the 
primary lesion and proximal colostomy. CEA values 
were called initially low when they were below 2.5 ng/ml: 
elevated between 2.5— 10 ng/ml and high over 10 ng/ml. 


Results 


In our group of 131 patients with unresectable 
metastatic colorectal carcinomas, palliative therapy was 
monitored by serial CEA determination. Palliation con- 
sisted of: a) surgical resection in 36 instances (28 were 
receiving chemotherapy, radiation therapy or combina- 
tion of both within 3 months of surgery while in 8, 
the only treatment consisted of palliative surgery): 
b) 5-Fluorouracil therapy in 75 patients. In this group, 
37 had had no other treatment for the previous 3 months, 
38 patients had, prior to 5-FU some sort of therapy within 
three months of being started on 5-FU either before 
referral to RPMI or here. Eighteen had reductive surgery 
alone, 20 had reduction surgery plus other method of pallia- 
tion, (radiation in 13, combination chemotherapy in 6, 
radiation plus combination chemotherapy in one):c) other 
chemotherapy alone or in combination in 60 patients: 
Nitrosoureas alone, 17 patients: 6 Thioguanine (6 DTG) 
alone, 10; B, Deoxythioguanosine (B-2 DTC) alone, 7; 
Multiple forms of combined chemotherapy, 26: and d) 
radiation therapy in 21 individuals, (18 had 5-FU added 
to the course of radiation therapy while in 3, radiation 
therapy was the only modality of treatment). Nine in- 
stances of documented favorable response to therapy are 
individually reported. Each of these clinical regressions 
was accompanied by a fall of (present) pretreatment levels 
of CEA or the persistance of previously low levels. 
The observed instances of progression (84) showed stable 
high levels or a rise in CEA in 67 (80%) while com- 
pared to the pretreatment values, but in 17 instances 
(20%) the CEA values fell or remained low despite 
evidence of disease progression. 

Our data confirm what has been suggested by previous 
studies from this Institution! ?:5:1!7» and by Skarin et al.!5 
in their 20 reported cases of colonic malignancy as well 
as by Mulcare and Lo Gerfo" in another 5 patients. 


Chemotherapy 


5-Fluorouracil. Seventy-five patients were treated with 
5-FU for at least 3 months and followed with at least 2 
CEA determinations during the period of treatment 
(Table 1). 

CEA values before treatment were high in 41 patients. 
elevated in 16 and low in 18 (Table 2). The mean survival 
of the whole group was 11 months: however, the sub- 
groups of low or elevated pretreatment CEA had a 14- 
month survival while the group with high CEA had a 
survival of 8 months. 
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TABLE 2. CEA Response to 5-FU Chemotherapy 














Survival Survival 
Pretreatment* No. Entire No. CEA CEA Clinical 
Values Pts. Group Responders Responders Responders 
Low 18 14 mon 12 14 mon 4 
Elevated 16 14 mon 2 18 mon | 
High 4] 8 mon 15 9 mon 3 
Total 75 1] mon 29 12 mon 8 





* Low (<2.5 ng/ml); Elevated (2.5 to 10 ng/ml); and High (>10 ng/ml). 


CEA fell in response to treatment in 12 of 18 patients 
with low initial values, in 2 of 16 patients with elevated 
pretreatment values and in 15 of 41 patients with initial 
high values. The total number of patients who responded 
to therapy with 5-FU with a CEA fall was 29 with a 
survival averaging 14 months for the initially low sub- 
group, 18 months for the elevated sub-group and 9 months 
for the high group. Of the 8 clinical responders out of the 
75 patients studied, four belonged to the sub-group with 
initially low values; one had an initially elevated value 
and 3 had high initial values (Table 2). The 46 patients 
whose CEA values did not respond favorably to treat- 
ment and who have died, survived a mean of 10 months. 
The 21 patients whose CEA fell, but who demonstrated 
no clear-cut clinical response and who have died sur- 
vived a mean of 10 months. 

There are 22 patients (22/75) who are still alive and being 
followed from 4 to 36 months with a mean survival of 
14 months. Eleven are in the group of 29 (11/29) "CEA 
responders”, i.e., patients whose CEA plasma levels fell 
even though there was no clinical regression with a fol- 
lowup from 5 to 36 months with a mean followup of 
17 months. Five of the survivors to date are in the 
group of clinical responders, with followup from 6 to 36 
months with a mean of 21 months. There are only 11 
patients (11/46) still alive among the 46 patients whose 
CEA values did not respond favorably to the therapy, 
followup from 4 to 20 months with a mean of 9 months. 
From these figures, we can predict that in the future, the 
survival of the CEA responders will be further prolonged 
as compared to the non-responders. 

Among the 8 patients receiving 5-FU who showed 
disease regression, 4 received also radiotherapy: 3 were 
given combination chemotherapy and one patient was 
given 5-FU by hepatic artery infusion. 

Nitrosoureas. Nitrosourea compounds (CCNU, 
MeCCNU and BCNU) were used as the sole therapeutic 
agent in 17 patients, usually following a failure to 5-FU 
treatment. 

The pretreatment values were low in 2 patients, 
elevated in 2 and high in 13 (Table 3). The average 
survival for the whole group was 5 months; but the pa- 
tients with a low initial value had a survival of 5 months, 
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TABLE 3. CEA Response to Nitrosoureas Chemotherapy 

















Survival Survival 
Pretreatment No. Entire No. CEA CEA Clinical 
Values Pts. Group  Responders Responders Responders 
Low 2 5 mon l 8 mon None 
Elevated 2 12 mon 2 12 mon None 
High 13 4 mon 9 7 mon | 
Total | 5 mon 12 8 mon ! 





the ones with elevated values survived an average of 12 
months while initially high values were accompanied by 
a mean survival of 4 months. 

The CEA response to the therapy showed 12 patients 
maintaining low values or dropping their initial values. 
The combined survival of the CEA responders was 8 
months as compared to the mean of 3 months for the 
non-responders. There was only one patient who showed 
a clinical response (regression) and this patient belonged 
to the group with high initial value with a post- 
treatment drop of CEA levels and she survived 16 
months. 


Radiotherapy 


Twenty-one patients received radiation therapy for 
their surgically uncurable colorectal carcinoma (Table 4). 
In 18 of them, 5-FU was added to the radiation course 
and in 3 radiation was used as the only therapeutic 
modality. The initial values were low in 7 patients, 
elevated in 6 and high in 8 with an average survival 
of 12 months for the whole group. The survival for 
patients with low initial values was 15 months. For the 
subgroup with elevated initial values, it was 12 months and 
for the patients with a high initial value, it was 10 
months. 

There were 13 CEA responders to radiation, 5 in the 
subgroup of low initial value; 3 in the subgroup of 
elevated initial value and 5 in the subgroup of high 
initial value. The average survivals for the whole group 
of CEA responders was 14 months; (17 months for the 
initially low; 14 months for the elevated and 12 months 
for the initially high CEA subgroup). The 4 clinical re- 
sponders were among the 13 CEA reasponders of whom 


TABLE 4. CEA Response to Radiotherapy 











Survival Survival 
Pretreatment No. Entire No. CEA CEA Clinical 
Values Pts. Group  Responders Responders Responders 
Low 17 15 mon 5 17 mon 3 
Elevated 6 12 mon 3 14 mon None 
High 8 10 mon 5 12 mon l 
Total 21 12 mon 13 14 mon 4 





26 


100 
90 
80 
70 












S = Palliative Surgery 
NU = Nitrosourea 
STG = 6 Thioguanine 









« 60 Clinical 
E l Progression 
she STG 
E 40 Expired 
e 30 Clinical 
Regression 
20 


10 


12345 6789 IO I 
MONTHS OF FOLLOW UP 


l2 13 4 15 


Patient | 


Fic. 1. Drop in CEA after reductive surgery and chemotherapy CEA 
levels began to rise prior to clinical evidence of progression. 


3 belonged to the initially low subgroup with surviral of 
12, 20 and 21 months, with the last 2 still alive and 
one to the initially high subgroup (alive at 24 months 
: followup visit). 


Palliative Resection 


In 36 patients in this group of 131 patients, palliative 
resection was carried out. Most often this consisted of 
the removal of primary disease in the face of extemsive 
metastases. Perhaps because of the considerable amount 
of metastatic tumor present, these resections usually did 
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Fic. 2. Flat CEA curve during 5-FU therapy for unresectable [ver 


metastases—no hepatic lesions at autopsy (Patient 2). 
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not effect measurable changes in CEA as compared to 
chemotherapy. There was one patient who showed re- 
gression of pulmonary metastases after resection of the 
colon primary and chemotherapy with CCNU and radia- 
tion. This patient had a marked drop in CEA values. 


Case Reports 


Patient 1: A 70-year-old Caucasian woman was admitted for the 
first time to Roswell Park Memorial Institute (RPMI) in March 1971 
with complaints of abdominal pain, weight loss and occasional bloody 
stools. Work-up revealed a stenosing lesion in the sigmoid colon 
with pulmonary metastases. One month later, at abdominal exploration, 
she was found to have extension to the bladder and multiple peri- 
toneal seedings. A palliative sigmoid resection was carried out. 
Postoperatively, she received radiotherapy to the mediastinum and 
pelvis and was placed on chemotherapy with Methyl-CCNU. At the 
seventh month of followup, her pulmonary lesions totally disappeared 
and she was doing well, still under treatment with Methyl-CCNU. 
She was again re-admitted 6 months later with partial bowel obstruc- 
tion which was relieved by nonoperative treatment. At that point, 
however, her general condition began to slowly deteriorate and she 
expired at home 16 months after being incorporated to the study. 


Comment: The disappearance of her chest lesions was 
accompanied by an improvement of her general well- 
being and a fall in her CEA values. CEA rose again 
when the disease began to progress after her original 
favorable response to therapy (Fig. 1). Unfortunately, 
no autopsy wás obtained to verify the extent of the tumor 
present at death. | 


Patient 2: A 69-year-old Caucasian woman underwent a sigmoid. re- 
section in August 1970, for Duke's C adenocarcinoma of the sigmoid 
colon. Six months postoperatively while first seen at RPMI, she was 
found to have a positive liver scan and nonresectable liver metastases 
were found at laparotomy. The biopsy was read as metastatic adeno- 
carcinoma from her previously resected sigmoid primary. She was 
treated with intravenous 5-FU for the next 18 months with a good 
clinical response. She developed a cerebrovascular hemorrhage which 
caused her death in December 1972. Autopsy showed no evidence 
of any residual liver tumor, but a 1 cm in diameter pulmonary 
nodule was found which was the only remaining evidence of her 
original colonic malignancy. 3 


Comment: This patient’s CEA remained low through- 
out the monitored period (Fig. 2). 


Patient 3: A 19-year-old Caucasian man was admitted to RPMI 
in February 1971, 8 months after undergoing a Miles’ abdomino- 
perineal resection for a Duke’s C adenocarcinoma of the rectum. 
He was referred to us because of persistent pelvic pain and a local recur- 
rence in his périneal scar. An ill-defined mass was felt in the suprapubic 
area on abdominal examination. Exploratory laparotomy during his first 
RPMI admission disclosed multiple metastatic nodules in the pelvic floor 
and peritoneal cavity with a tumor mass involving the top of the bladder 
and left ureter. No resection was attempted and postoperatively, 
he received radiotherapy and 5-FU intravenously with total disap- 
pearance of the previously palpable suprapubic mass within 3 months 
of therapy, showing improvement of his general condition as well. 
However, 9 months later, a cystoscopic examination turned out positive 
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for bladder invasion and the left kidney was hydronephrotic. His 
disease started to progress and he died in his 11th month of followup: 
no autopsy was obtained. 


Comment: His CEA was initially normal. Later values 
showed an increase following exploration, radiotherapy 
and chemotherapy, they became normal again and re- 
mained low during his period of response to therapy 
(Fig. 3). 


Patient 4: A 73-year-old Caucasian woman was referred to our Insti- 
tution in April 1974 with pulmonary and vaginal metastases from 
an adenocarcinoma of the rectum, diagnosed and treated in 1972 by 
abdominoperineal resection. Biopsy indicated that the vaginal nodules 
were metastatic from her previous rectal malignancy and chest x-ray 
revealed the presence of multiple metastatic nodules in both lung 
fields. She was promptlv started on chemotherapy with intravenous 
5-FU and 6-Thioguanosine (6-TG) with a marked improvement in 
her general condition, total disappearance of the vaginal nodules and 
disappearance or reduction of more than 50% in size of all her pulmonary 
nodules within 2 months of the commencement of the treatment. 
Her response lasted for 8 months, at which time chest x-rays again 
showed enlarging pulmonary lesions. There was no evidence of 
vaginal recurrence of tumor. The disease progressed and she expired 
at 11 months of followup. 


Comment: Her originally elevated CEA fell following 
treatment and coincidentally with clinical regression of 
her tumor. A rise in CEA was detected before radio- 
graphic documentation of tumor progression was made 
(Figure 4). 


Patient 5: A 59-year-old Caucasian man was referred to RPMI in 
March 1972 with a history of rectal bleeding and tenesmus. His 
past history included a myocardial infarction, diabetes and a sympto- 
matic hiatal hernia. A rectal mass felt upon examination was biopsied 
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Fic. 3. CEA elevation after surgery, radiation and chemotherapy with 
maintained low levels and regression of abdominal metastasis (Pa- 
tient 3). 
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Fic. 4. CEA drop post initiation of treatment with rise preceding 
later progression. At the CEA nadir, the patient was in clinical 
regression (Patient 4). 


and found to be an adenocarcinoma. He underwent a Miles’ abdomin- 
operineal resection for a tumor staged as Duke's B. He was read- 
mitted because of severe pelvic pain. A subsequent work-up histologi- 
cally demonstrated the pain to be due to metastases from the rectal 
adenocarcinoma. A course of radiotherapy combined with intravenous 
S-FU was given to the patient, resulting in complete relief of pain. 
He was readmitted 9 months later with bowel obstruction attributed 
to fibrosis from radiation of his pelvis. Upon abdominal exploration 
for release of the obstruction, the liver was found normal. the small 
bowel had formed multiple adhesions to the pelvis which were lysed. 
but there was no sign of presence of residual tumor. No tumor 
was found in the presacral area: a biopsy of the area showed fibrosis. 
A year later, 20 months after initiation of his course of combined 
radiation and chemotherapy, he has no complaints or evidence of 
disease. 


Comment: His original CEA was abnormally high, but 
fell to normal values and stayed within this range until his 
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Fic. 5. Fall of CEA coinciding with regression of the pelvic tumor 
after radiation and chemotherapy (Patient 5). 
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last clinic visit at which time single elevation was found 
(Fig. 5). He is now being worked-up for the possibility of 
recurrent disease. 


Patient 6: A 53-year-old Caucasian woman had asigmoid resection 
for an unstaged adenocarcinoma of the sigmoid cclon in August 1971. 
In March 1973, she had hepatomegaly and a liver scan consistent 
with liver metastases. She received a course of intravenous 5-FU 
until July 1973 when, due to the appearance of vaginal metastases, 
she was referred to our Institute. Vaginal biopsies showed the nodules 
to be formed by adenocarcinoma consistent with metastases from 


colonic primary. Exploratory laparotomy showed multiple liver . 


metastases with the same cellular characteristics as the original 
malignancy. Chemotherapy with intravenous 5-FU and Streptozotocyn 
was combined with radiation of the perineal lesions. Eleven months 
later, she was found to have an improved liver scan. Exploratory 
laparotomy showed several small fibrotic liver nodules which were 
histologically negative for presence of malignant cells. No evidence of 
intra-abdominal residual tumor was found. When last seen at 18 months 
of treatment she had a non-palpable liver and with vaginal nodules 
of much smaller size, as compared to the initial description at the time 
of initiating treatment with radiation and chemotherapy. 


Comment: This patient presented already under 
chemotherapy with 5-FU. Her original CEA was normal. 
Added chemotherapy and radiation produced a clinical 
response accompanied by persistently low CEA levels 
except for a single rise during the postoperative period 
after her abdominal exploration and liver biopsy. These 
were negative for tumor. At 18 months of treat- 
ment, she has small vaginal nodules and persistently 
low CEA's (Fig. 6). 


Patient 7: A 45-year-old Caucasian man had a right hemicolectomy 
in 1971 for carcinoma of the cecum. Within a year of his resection, 
he was suspected of having developed liver metastases and was re- 


100 RT = Radiation Therapy 











90 5FU= 5Fluorouracil 
STZ = Streptozotocin 
80 NU = Nitrosourea 
70 Mit = Mitomycin 
«T 
u 60 
© 
= 50 Regression 
Explorat. Lap. 
5 40 Clinical ^ Neg Bx 
Regression ° 
£ 30 3 Last Clinic 
| RT Visit 
20 rj[sFU g 
STZ MIT 


IO 


24 6 8 


lO l2 14 le IB 20 22 24 


MONTHS OF FOLLOW UP 


Fic. 6. Low CEA in a patient under multiple chemotherapy and a good 
clinical response (Patient 6). 
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Fic. 7. CEA values decreased after liver perfusion with 5-FU-the 
patient had a good response to the treatment (Patient 7). 


ferred to RPMI. He had a palpable liver with a positive liver scan 
and an angiogram positive for multiple space-occupying lesions. On 
exploration, he had multiple metastases in both right and left lobes 
from a tumor that was histologically consistent with metastases from 
his previous colonic primary. The hepatic artery was cannulized for 
infusion of 5-FU combined with oral Coumadin. The 5-FU was changed 
to the oral route after 3 weeks. At 17 months, his liver scan was 
reported normal and by 22 months after liver infusion, his liver could 
no longer be palpated. At the 29 month mark, he was explored 
and no intra-abdominal tumor could be found. There were no masses or 
nodules in the liver. He was last seen at 35 months of followup 
free of residual disease. 


Comment: This patient's preoperative CEA was low. It 
became elevated after hepatic artery cannulation and 
biopsy, then it remained low except for a transitory 
elevation after abdominal exploration up until his last 
visit (Fig. 7). 


Patient 8: A 68-year-old Caucasian woman was referred to RPMI 
with an obstructive low-sigmoid colon carcinoma in March 1973. She 
was explored and found to have diffuse pelvic carcinomatosis with 
attachment of the primary tumor to the sacrum and obstruction of 
the sigmoid colon by the tumor mass. A colostomy was performed 
and biopsy of her pelvic metastases indicated a well-differentiated 
adenocarcinoma consistent with colonic origin. The area of tumor 
was treated with radiation and the patient did well for the next year. 
An exploratory laparotomy 14 months after the original operation 
showed multiple adhesions and areas of fibrosis, but no tissue with the 
appearance of tumor could be found. Biopsy of the presacral area 
where most of the tumor was present during the previous operation 
showed fibrosis with total absence of tumor cells. She was last seen 
at 19 months of followup with no evidence of disease and radiation 
proctitis as the only abnormal finding of the work-up. 


Comment: Her CEA was originally high, but dropped 
to within normal range within 3 months of the initiation 
of therapy, with only one isolated elevation occuring 
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during the postoperative period following her exploratory 
laparotomy, which was negative for the presence of 
obvious residual tumor (Fig. 8). 


Patient 9: A 52-year-old Caucasian woman was admitted in October 
1974 with liver and pulmonary metastases from rectal adenocarcinoma 
treated with pelvic excenteration in October 1970. Abdominal explora- 
tion in May 1971 revealed no evidence of intra-abdominal malig- 
nancy. However, in November 1973, her liver scan had been found to 
be positive. Work-up on admission (October 1974) showed a 50% re- 
placement of her liver by space-occupying lesions and the liver was 
enlarged and easily palpable. Chest x-ray revealed 3 metastatic 
nodules. She was started on 5-FU and within 3 months, her liver 
had decreased in size and the pulmonary nodules disappeared. 
Her clinical situation has remained improved 6 months after her initiat- 
tion of 5-FU. 


Comment: This patient's pretreatment CEA was ex- 
tremely high and increased after chemotherapy was ini- 
tiated, to fall coincidentally with her clinical improvement 
and the radiological disappearance of her pulmonary 
metastases. 


Discussion 


Patients subjected to palliative modality of treatment 
are generally in inexorable and constant progression with 
infrequent regression of tumor mass or slowing of tumor 


growth for a finite period of time. 


To define progression or regression in these patients 
is a vague and difficult task; even in the case of the so- 
called “‘measurable’’ disease. This latter term usually 
means that a certain unknown portion of the tumor (not 
necessarily the whole tumor mass) can be measured. 
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Fic. 8. CEA drop after radiation and chemotherapy. The serum 
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in maintained regression (Patient 8). 
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Fic. 9. Patient treated with chemotherapy (Patient 9). He showed a 
clinical response at which time CEA levels dropped. A later rise is 
being observed. 


This particular ''measurable" component frequently 
lacks histological confirmation and is subjected to changes 
unrelated to the therapy used, such as biological or 
anatomical growth limitations producing spontaneous 
necrosis with formation of hematoma (increasing the size 
of the lesion) or a chronic ischemia with regional 
atrophy (decrease in size of the measurable lesion). 

In the particular case of colorectal tumors, extension 
of disease regionally in the pelvis or metastases to 
lymph nodes, liver or other intra-abdominal organs 1s 
very difficult to assess inspite of the sophisticated 
methods of detection available to the clinician. 

For the above reasons, the assignment of a numerical 
value to the amount of tumor present, if it can be done, 
is of considerable advantage in treating these patients. 

We do know now that CEA does identify 80% of 
our progressions which are sufficiently marked to be 
certain, and that it monitors almost all of our regres- 
sions. The problem still exists in the fact that a signifi- 
cant percentage of colon cancers do not produce or 
release CEA. That is some where around 10-15%. 
There is also a large group of patients who show a de- 
crease in CEA with radiation or chemotherapy which 
represents either a subclinical response or an unre- 
lated metabolic response. The fact that survival is longer 
for these CEA responders indicated that there is a 
tumoricidal effect. 


References 


1. Chu, T. M. and Nemoto, T.: Evaluation of Carcinoembryonic 
Antigen in Human Mammary Carcinoma. J. Nat. Cancer Inst. 
51:1119, 1973. 

2. Chu, T. M., Holyoke, E. D. and Murphy, G. P.: Carcinoembryonic 
Antigen. Current Clinical Status. New York State J. Med., 
74:1388, 1974. 


30 


. Dhar, P., Moore, T., Zamcheck, N. and Kupchick, H. Z.: Carcino- 


1. 


. Hansen, 


HERRERA AND OTHERS 


embryonic Antigen (CEA) in Colon Cancer. JAMA, 221: 
31, 1972. 

H. J., Snyder, J. J., Miller, E., et al.: Carcino- 
embryonic Antigen (CEA). A Laboratory Adjunct in the Diag- 
nosis and Management of Cancer. Human Pathol. 5:139, 1974. 


. Herrera, M. A., Chu, M. T. and Holyoke, E. D.: Carcino- 


embryonic Antigen (CEA) as a Prognostic and Monitoring 
Test in Clinically Complete Resection of Colorectal Carcinoma. 
Ann. Surg., 183:5, 1976. 


. Holyoke, E. D., Reynoso, G. and Chu, T. M.: Carcinoembryonic 


Antigen (CEA) in Patients with Carcinoma of the Digestive 
Tract. Ann. Surg., 176: 559, 1972. 


. Holyoke, E. D., Chu, T. M. and Murphy, G. P.: CEA as a 


Monitor of Gastrointestinal Malignancy. Cancer, 35:830, 1975. 


. Lo Gerfo, P., Krupey, L., and Hansen, H. J.: Demonstration 


of an Antigen Common to Several Varities of Neoplasia. 
N. Engl. J. Med., 285:138, 1971. 


. Lo Gerfo, P., Lo Gerfo, F., Herter, F., et al.: Tumor-associated 


Antigen in Patients with Carcinoma of the Colon. Am. J. 
Surg., 123:127, 1972. 


. Mach, J. P., Jarger, P. H., Bertholet, M. M., et al.: Detec- 


tion of Recurrence of Large Bowel Carcinoma by Radioimmuno- 
assay of Circulating Carcinoembryonic Antigen (CEA). Lancet. 
7880:535, 1974. 

Mc Cartney, W. and Hoffer, P.: The Value of Carcinoembryonic 
Antigen (CEA) Immunoassay as an Adjuvant to Radiologic 
Techniques in the Diagnosis of Malignancies of the Colon and 
Lung. Radiology. 110:325, 1974. 


12 


. Zamcheck, N., Moore, T. L.. Dhar, P.. 


Ann. Surg. e January 1977 


Moore, T. L., Kupchik, H., Marcon, N. and Zamcheck, N.: 
Carcinoembryonic Antigen Assay in Cancer of the Colon and 
Pancreas and Other Digestive Tract Disorders. Am. J. Dig. Dis., 
16:1, 1971. 


. Mulcare, R., and Lo Gerfo, P.: Tumor-associated Antigen in the 


Chemotherapy of Solid Tumors. J. Surg. Oncol., 4:407, 1972. 


. National Cancer Institute of Canada/American Cancer Society 


Investigation: A Joint Collaborative Study of a Test for Carcino- 
embryonic Antigen (CEA) in the Sera of Patients with Carcinoma 
of the Colon and Rectum. Can. Med. Assoc. J. 107:25, 1972. 


. Reynoso, G., Chu, T. M., Holyoke, E. D., et al.: Carcino- 


embryonic Antigen in Patients with Different Cancer. JAMA, 
220:361, 1972. 


. Schmall, B.. Cheng, C. J., Fujimura, S., et al.: Modification 


of proteins by 1-(2-Chloroethyl)-3-Cyclohexyl-1-Nitrosourea 
(NSC 79037) in vitro. Cancer Res., 33:1921, 1973. 


. Skarin, A. T., Delwiche, R., Zamcheck, N.. et al.: Carcino- 


embryonic Antigen: Clinical Correlation with Chemotherapy for 
Metastatic Gastrointestinal Cancer. Cancer, 33:1239, 1974. 


. Sorokin, J. J., Sugarbaker, P. H., Zamcheck, N., et al.: Serial 


CEA Assays: Use in Detection of Recurrence Following Re- 
section of Colon Cancer. JAMA, 228:49, 1974. 


. Steward, A. M., Nixon, D., Zamcheck, N. and Aisenberg, A.: 


Carcinoembryonic Antigen in Breast Cancer Patients: Serum 
Levels and Disease Progress. Cancer, 33:1246, 1974. 

et al.: Immunologic 
Diagnosis and Prognosis of Human Digestive Tract Cancer. 
Carcinoembryonic Antigen. N. Engl. J. Med., 286:83, 1972. 


Tumor Vascularity as a Prognostic Factor for Hepatic Tumors 


DONG K. KIM, M.D., R. CAIRD WATSON, M.D., LYLE D. PAHNKE, M.D., JOSEPH G. FORTNER. M.D. 


The prognostic and therapeutic significance of tumor vascularity 
was studied in 36 patients with hepatoma or metastatic colon 
cancer in the liver. All patients had nonresectable tumor and 
were treated by hepatic artery ligation and hepatic arterial in- 
fusion chemotherapy. Chemotherapy consisted of methotrexate, 
actinomycin-D, 5-fluorouracil and cyclophosphamide. Hepatic 
tumors were categorized into Grades I to III in the order of 
increasing vascularity as determined by preoperative hepatic 
angiography. Tumor vascularity of 15 patients with hepatoma was 
Grade III in 11 (73%) and Grade II in 4 (27%). No patient with 
hepatoma had a Grade I tumor. The median survival of pa- 
tients was 10 and 6 months for Grade III and II hepatomas, 
respectively, after hepatic artery ligation, and 18 and 8.5 months 
for Grade III and II, respectively, from the time of diagnosis of 
hepatoma. Tumor vascularity of 21 patients with metastatic 
colon cancer was as follows: Grade III in 3 (14%); Grade II in 
10 (48%); and Grade I in 8 (38%). The median survival was 
11, 10.5 and 4 months for Grades III, II and I, respectively, 
after hepatic artery ligation, and 17, 14.5 and 7.2 months 
for Grades III, II and I, respectively, from the time of diagnosis 
of hepatic metastases of colon cancer. The results indicate that 
the more vascular the hepatic tumor on angiogram, the better 
the prognosis following hepatic artery ligation and infusional 
chemotherapy. 


ALIGNANT TUMORS of the liver derive their 

blood supply almost exclusively from the hepatic 
artery.'? Based upon this observation, hepatic artery 
ligation and infusional chemotherapy has evolved as a 
treatment for nonresectable hepatic tumors.? A major 
portion of hepatic tumor is destroyed by ischemic necrosis 
immediately following ligation of the hepatic artery. 
The residual disease is treated by postoperative in- 
fusional chemotherapy delivered selectively in high 
concentration through a catheter in the hepatic artery. 
In our experience, however, preoperative hepatic 
angiography has disclosed a gradation in vascularity of 
hepatic tumors in different patients. The significance of 
this finding in the treatment of hepatic tumors was 
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evaluated in the present study. The data were obtained 
from the records of 36 patients who either had hepatoma 
or metastatic colon cancer in the liver; and who were 
treated by hepatic artery ligation and infusional chemo- 
therapy. 


Materials and Methods 


Since 1970, 232 patients have been treated for malignant 
tumors of the liver by the gastric and mixed tumor 
service at Memorial Sloan-Kettering Cancer Center. Of 
those 232 patients, 69 had hepatic resection. 91 hepatic 
artery ligation and infusional chemotherapy. 72 laparot- 
omy only or other procedures. Of 91 patients who were 
treated by hepatic artery ligation and chemotherapy, 
53 had hepatoma or metastatic colon cancer and form 
the basis of this study. Among those, 17 patients were 
not suitable for the study because either their angio- 
graphic films were not available for re-examination, or 
their postoperative period was shorter than 6 months. 
The remaining 36 patients, 15 with hepatoma and 21 with 
metastatic colon cancer, were analyzed in the present 
study. 

Hepatic angiography was performed preoperatively 
via the celiac axis and superior mesenteric artery. Tumor 
vascularity was graded by degree of neovascularity in 
the phase of optimal arterial visualization. The gradation 
is as follows: Grade I—the vascularity similar to or less 
than that of the normal liver: Grade II —the vascularity 
that is slightly more in degree than that of the normal 





Fic. |. Grade I tumor vascularity. 


liver; Grade III —the vascularity that is much more than 
that of the normal liver (Figs. 1—3). 

The patients who underwent hepatic artery ligation 
had nonresectable tumors involving both lobes of the 
liver. Ligation of the hepatic artery was performed at 
the level of the common hepatic artery. The distal por- 
tion of the ligated artery was cannulated through the 
gastroduodenal artery by using a silastic catheter. 
Postoperatively, the catheter was kept patent by con- 
tinuously infusing heparinized saline with a portable 
infusion pump (Sigmamotor Co., New York). Chemo- 
therapy consisted of: actinomycin-D 0.02 mg/kg body 
weight and methotrexate 0.2 mg/kg body weight weekly 
via the hepatic artery catheter; 5-fluorouracil 10 mg/kg 
body weight weekly by intravenous injection; cyclo- 
phosphamide | mg/kg body weight daily by mouth. 
Chemotherapy was usually started within two weeks of 
surgery and continued as long as patients tolerated the 
chemotherapy. When the hepatic arterial catheter was 
occluded. usually within 3 to 4 months after surgery, 
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chemotherapy was administered intravenously using 
the same dosages. The patients were followed by weekly 
examination and blood counts. The blood was analyzed 
monthly for liver and renal function studies. Liver scan 
using Technetium-99 sulfur colloid was obtained once 
every 4 months. 


Results 


Hepatoma. Tumor vascularity of 15 patients with 
hepatoma was revealed as Grade III in 11 (73%) and 
Grade II in 4 patients (27%). None of these tumors 
was found to be a Grade I lesion. Four patients died 
of acute renal failure postoperatively. Extensive tumor 
necrosis appeared to be the principal cause for this 
complication. Of particular interest is that all of those 
patients with renal failure had hepatoma with Grade III 
vascularity. Excluding 4 postoperative mortalities, the 
median survival was 10 months (ranging from 4 to 27 
months) for patients with Grade III hepatoma and 6 
months (ranging from 4-10 months) with Grade II 
hepatoma following hepatic artery ligation (Table 1). 
Three patients are presently alive and well with Grade 
III hepatoma at 27, 10 and 9 months after operation and 
one is alive with a Grade II hepatoma at 10 months post- 
operatively. When the median survival was com- 
puted from the time of diagnosis of hepatoma, it was 
I8 months (ranging from 10—29 months) with Grade III 
hepatoma and 8.5 months (ranging from 6-34 months) 
with Grade II hepatoma. 

Metastatic Colon Cancer. Tumor vascularity of 21 
patients with this tumor was Grade III in 3 (1442), 
Grade II in 10 (48%), and Grade I in 8 patients (38%). 
None of these patients died postoperatively. The median 
survival was 11 months (ranging from 10—12 months) 
for Grade III cancer; 10.5 months (ranging from 1- 12 
months) for Grade II cancer; and 4 months (ranging 
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from 1-13 months) with Grade I cancer following hepatic 
artery ligation (Table 2). Two patients are presently 
alive and well with Grade III cancer at 10 and 12 
months, and one is alive with Grade II cancer at 10 
months postoperatively. No patient is alive with Grade I 
cancer. When the median survival was computed from 
the time of diagnosis of hepatic metastases, it was 17 
months (ranging from 15-22 months) with Grade III 
cancer; 14.5 months (ranging from 11.5—21 months) with 
Grade II cancer; and 7.2 months (ranging from 2.5- 19 
months) with Grade I cancer. 


Discussion 


Although not included in this study because of the 
heterogeneity of disease, we have similarly treated 38 
patients who had other types of metastatic cancer of 
the liver. Of those, 15 patients conformed to the criteria 
for this study and their results are as follows. There 
were 4 patients with breast cancer, 3 with melanoma, 3 
with leiomyosarcoma of the small bowel, two with gastric 
cancer, two with carcinoid tumor and one with pheo- 
chromocytoma. Five of 15 patients had tumor vascularity 
of Grade III (33%): two patients with leiomyosarcoma, 
two with carcinoid and one with pheochromocytoma. 
The median survival was 20 months (ranging from 6—39 
months) from the time of diagnosis of hepatic metastases 
and 17 months (ranging from 6-34 months) from the 
time of operation for hepatic artery ligation. Four pa- 
tients had Grade II tumor (27%) and the median survival 
was 7 months (ranging from 6—28 months) after diagnosis, 
and 3 months (ranging from 2—5 months) after operation. 
Six patients had Grade I tumor (40%) and the median 
survival was 8.5 months (ranging from 3-23 months) 
after diagnosis and 3 months (ranging from 2-20 months) 
after operation. Despite the variety of tumors, those 
findings are surprisingly in agreement with the results 
obtained in this study: the more vascular the tumor, 
the better the prognosis following hepatic artery liga- 
tion and infusional chemotherapy. 

Results of the study demonstrate a close correlation 
between angiographic vascularity and arterial de- 
pendency of tumor: the more vascular the tumor, the 
more dependent to the hepatic artery for their survival. 
Therefore, an effective destruction of very vascular 
tumors can be achieved by interruption of the hepatic 
artery and infusion of chemotherapeutic agents through 
a catheter in the hepatic artery. Chemotherapy is given 
to treat residual disease which survived ischemic injuries 
following hepatic arterial ligation. In hypovascular 
tumors, however, neither ischemic necrosis of the 
tumor, nor selective delivery of chemotherapeutic agents 
is suitable by using the hepatic artery. This would ex- 
plain the poor clinical results in tumors with Grade I 
vascularity in this study. 


VASCULARITY OF HEPATIC TUMORS 
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TABLE 1. Tumor Vascularity and Survival*: Hepatoma 





From Hepatic 








Tumor No. Artery From 
Vascularity Patients Ligation Diagnosis 
Grade I 0 — — 
Grade II 4 (27%) 6 (4—10) 8.5( 6-34) 
Grade III 11 (73%) 10 (4-27) 18 (10-29) 
Overall 15 9 (4-27) 11 ( 6-34) 





* Median survival in months with ranges after exclusion of 4 
postoperative deaths. 


Of interest is the high incidence of acute renal failure 
after ligation of the hepatic artery. Acute renal failure 
developed in 5 patients and only one survived after 4 
weeks of hemodialysis. All 5 patients had very vascular 
hepatoma. Destruction of tumors following ligation of 
the hepatic artery in those patients may have been 
too effective. Hyperuricemia or release of vasoactive 
substances secondary to massive necrosis of tumors may 
be important factors contributing to the development of 
postoperative renal failure.? 

It appears from this review that the portal vein 
may be more important than the hepatic artery in nurtur- 
ing hypovascular tumors. Honjo et al.* reported a good 
response following portal vein ligation in the treatment of 
hepatic tumors of various origins. Of particular interest 
in their report is that the result of portal vein ligation 
for hepatoma is conspicuously opposite to that of ours: 
average survival of 5.8 months in 5 patients with 
very vascular tumor and 15.4 months in 4 patients with 
hypovascular tumor. Although they did not employ in- 
fusional chemotherapy, in our experience, postopera- 
tive chemotherapy is an essential part of treatment 
for hepatic tumors following hepatic artery ligation.” 

It may then be concluded that the treatment of hepatic 
tumors in the form of circulatory deprivation and in- 
fusional chemotherapy should be individualized according 
to the findings on preoperative hepatic angiogram. Highly 
vascular tumors may be best treated by ligation of the 
hepatic artery followed by infusional chemotherapy via 
the hepatic artery, whereas hypovascular tumors may be 
treated by ligation of the portal vein followed by in- 


TABLE 2. Tumor Vascularity and Survival*: 
Metastatic Colon Cancer 


From Hepatic 


Tumor No. Artery From 
Vascularity Patients Ligation Diagnosis 
Grade I 8 (38%) 4 ( 1-13) 7.2( 2.5-19) 
Grade II 10 (4896) 10.5 ( 1-12) 14.5(11.5-21) 
Grade III 3 (1496) 11 (10-12) 17 (15 -22) 
Overall 21 7 ( I-13) 13 ( 2.5-22) 


* Median survival in months with ranges. 
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fusional chemotherapy vià the portal vein. The portal 
vein cannot be ligated without producing subsequent por- 
tal hypertension. Because of that reason, only the right 
or left branch of the portal vein correspondent to the 
location of major neoplastic involvement should be li- 
gated and cánnulated. Thereafter, the remaining portal 
vein branch or the hepatic artery may be cannulated 
for infusional chemotherapy of residual diseases. 
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Insulin Requirements for Hepatic Regeneration 


Following Hepatectomy 


TOSHIHIKO YAMADA M.D., MASAYUKI YAMAMOTO, M.D., KAZUE OZAWA, M.D., ICHIO HONJO, M.D. 


On the basis of changes in the adenine nucleotide and mito- 
chondrial metabolism of the remnant liver, insulin require- 
ments for hepatic regeneration were studied in diabetic rats 
treated with varying amounts of alloxan. Mildly diabetic rats 
with less than 30% inhibition in maximal portal insulin re- 
sponse to oral glucose load, showed a parabolic glucose 
tolerance pattern and could tolerate partial hepatectomy. 
Whereas, severely diabetic rats with more than 45% inhibi- 
tion showed a linear glucose tolerance pattern and died within 
24 hours after partial hepatectomy. In the former rats, the 
energy charge (ATP + “%ADP/ATP + ADP + AMP) levels of the 
remnant liver decreased slightly at an early period after partial 
hepatectomy but could be restored rapidly to normal levels 
with a concomitant rise of oxidative phosphorylation in remnant 
liver mitochondria. In contrast, the energy charge levels in the 
latter groups fell more markedly and could not be restored, 
because of insufficient enhancement of mitochondrial oxidative 
phosphorylation. It is suggested that an enhancement in mito- 
chondrial phosphorylative activity of the remnant liver follow- 
ing partial hepatectomy is inhibited in proportion to the severity 
of impaired insulin secretion, resulting in a decrease of the 
potential functional capacity of liver. 


A N ENHANCEMENT of mitochondrial phosphorylative 
activity occurs with a concomitant decrease in the 
energy charge (ATP + % ADP/ATP + ADP + AMP) 
of the remnant liver" and is requisite for later in- 
crease in nuclear DNA synthesis in regenerating 
liver.” Such an enhancement is induced when an ele- 
vated level of portal factor is available to respiratory 
assemblies. Evidence has accumulated indicating that 
insulin plays an important role as a portal factor in 
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the mechanism by which the portal blood controls oxi- 
dative phosphorylation of the liver mitochondria.??:!5 
Also, changes in mitochondrial phosphorylative ac- 
tivity during regeneration are associated with char- 
acteristic changes in glucose intolerance pattern.’ 
Hepatectomy in patients with severe glucose intolerance 
or impaired insulin secretion results in high mortality.” 
However, quantitative information is not available con- 
cerning insulin requirement of regenerating liver. 
These results led us to show how the mitochondrial 
oxidative phosphorylation and the energy charge of liver 
change after partial hepatectomy in diabetic rats with 
varying degrees of impairement of insulin secretion. 

In this study, evidence will be presented that the 
decrease of energy charge in the remnant liver following 
partial hepatectomy is augmented with insufficient en- 
hancement of mitochondrial phosphorylative activity due 
to impaired insulin secretion, and that the more severe 
the impaired insulin secretion, the lower the potential 
regenerative capacity of liver. 


Materials and Methods 
Treatment of Experimental Animals 


Adult male Wistar strain rats weighing 200 gm were 
maintained on Clea CE-2 (Nippon Haigoshiryo Co. 
Ltd.) and water ad libitum 2 weeks before treatment. 
Five groups of diabetic rats (group A, B, C, D and E) 
were induced by intravenous injection of 2.826 solution 
of alloxan monohydrate (Eastman Organic Chemicals) 
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Fic., 1. Glucose tolerance (left) and Insulin Response (right) to an 
oral glucose load in 5 groups of diabetic rats treated with varying 
amounts of alloxan. Vertical bars indicate standard error of the 
mean of 8 to 10 animals. A, group A of diabetic rats treated 
with 35 mg/kg of alloxan; B, group B of diabetic rats treated with 
49 mg/kg of alloxan; C, group C of diabetic rats treated with 63 
mg/kg of alloxan; D, group D of diabetic rats with non-fatty livers 
treated with 70 mg/kg of alloxan; E, group E of diabetic rats with 
fatty livers treated with 70 mg/kg of alloxan. Po, portal vein insulin. 
Pe, peripheral vein insulin. 


at a dose of 35, 49, 63 and 70 mg/kg of body weight. 
The animals were fasted for 15 hours before alloxan 
injection. Rats were considered diabetic if they exhibited 
polydipsia, polyuria with positive urine sugar (TES 
TAPE; Lily & Co. Ind.), maximal blood sugar over 
250 mg/100 mi after oral glucose load and blood hydroxy- 
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butylate (determined by enzymatic method") over 2.10 
mM. Urine ketone was determined by Ketostix (Ames 
Division, Miles-Sankyo Co. Ltd.). Hepatectomy and 
sham operation were performed 48 hours after alloxan 
injection at about 10 a.m. 

Partial hepatectomy was performed under ether anes- 


_thesia in the conventional manner as originally de- 


scribed by Higgins and Anderson.? Fifteen hours before 
and after operation rats were fasted. In sham operated 
control rats laparotomy and separation of the median 
and left lateral lobes of the liver from those surround- 
ing ligaments were carried out. 


Glucose Tolerance Test 


In the glucose tolerance test (GTT) a 50% solution 
of glucose (3 g/kg of body weight) was administered 
intragastrically after a fasting period of 15 hours. Blood 
samples were drawn at 0, 1, 2 and 3 hours. Blood 
glucose was determined by the o-toluidine method.* 
Plasma immunoreactive insulin (IRI was estimated 
according to radioimmunoassay methods.* 


Assays of Adenine Nucleotides 


The liver was clamped and frozen in situ with stain- 
less steel tongs precooled with liquid nitrogen. The 
frozen tissue was removed and immersed in liquid nitro- 
gen through which CO had been bubbled. The proce- 
dure was completed within 10 seconds. The frozen tissue 
was powdered with a liquid nitrogen cooled stainless 
steel mortar and pestle in the liquid nitrogen bath. The 
powdered tissue was weighed and homogenized in 3 
volumes of cold 5% perchloric acid at 0°. The superna- 
tant was adjusted to pH 6.0 with cold 60% K CO, and 
recentrifuged at 10,000 g for 15 minutes at 0°. The 
amounts of ATP, ADP and AMP were enzymatically 
measured.” 


Assays of Oxidative Phosphorylation of Liver 
Mitochondria 


The preparation of liver mitochondria and the assays 
of oxygen consumption, phosphorylative activity and 
the contents of respiratory carriers were done by methods 
described elsewhere.!? The respiratory control ratio was 
calculated from the polarographic tracing by the method 
of Chance? from the equation, RCR = state 3 respiration 
rate (in the presence of ADP)/state 4 respiration rate 
(after exhaustion of ADP). Since it has been found that, 
in alloxan diabetic rats cytochrome, concentrations 
decrease when expressed per mitochondrial protein,!?:'? 
the oxidative and phosphorylative activities are expressed 


. relative to cytochrome a (+a) concentrations. The value 


is expressed as 'the moles of oxygen used (or ATP 


\e 


a S 


Vol. 185 e No. I 


INSULIN AND HEPATECTOMY 


37 


TABLE 1. Effect of Increasing Amounts of Injected Alloxan on Rats 





Fasting Blood hydroxy- 
blood sugar butylate 
Group (mg/100 ml) (mM) 

Normal rats (20)* 101 £ 37 1.25 + 0.22 

Group A (20) 103 + 2 2.10 + 0.04 
(35 mg/kg alloxan) 

Group B (20) 42+ 9 2.10 + 0.72 
(49 mg/kg alloxan) 

Group C (20) 360 + 13 2.37 + 0.21 
(63 mg/kg alloxan) 

Group D (20) 520 + 18 4.96 + 0.75 
(70 mg/kg alloxan) 

Group E (20) 712 = 25 5.55 + 0.83 


(70 mg/kg alloxan) 


* Figures in parenthesis indicate numbers of animals. 
t Means + SEM. 


formed) per second divided by the moles of cytochrome 
a(+as). Protein was determined by the method of Lowry 
et al." with crystalline bovine serum albumin as standard. 


Results 


Figure 1 shows glucose tolerance and insulin response 
to oral glucose load in 5 groups of diabetic rats treated 
with varying amounts of alloxan. In the diabetic rats of 
group A treated with 35 mg/kg of alloxan, the fasting 
blood glucose levels were within normal limits but the 
maximal blood glucose level reached approximately 260 
mg/100 ml after an oral glucose load. The portal and 
peripheral vein insulin responses at the maximum to 
glucose load were suppressed to about 78% and 79% of 
normal controls, respectively. In the diabetic rats of 
group B treated with 49 mg/kg of alloxan, the fasting 
blood glucose levels increased slightly and the maximal 
peak of blood glucose level was observed at 2 hours. 
The portal and peripheral vein insulin responses at the 
maximum to glucose load were suppressed to 7296 
and 7596 of controls, respectively. Fasting portal and 
peripheral vein insulin levels in groups A and B were 
within normal limits. In these two groups of mildly 
diabetic rats, although there was no ketonuria, glu- 
cosuria developed and blood hydroxybutylate levels 
increased to a significantly high level (Table 1). Most of 
these animals lived longer than 12 days after alloxan 
injection. In diabetic rats (group C) treated with 63 


' mg/kg of alloxan, fasting blood glucose levels were about 


360 mg/100 ml and blood hydroxybutylate level was 
2.37 mM with positive ketonuria. The blood glucose 
level increased after an oral glucose load and reached 
about 500 mg/100 ml at 3 hours. The portal and peripheral 


~ vein insulin responses to glucose load were inhibited 


Survival Rate 


Urine Fatty 48 hours after 12 days after 
ketone liver alloxan injection alloxan injection 
(=) (-) a a 
(~) (—) 100% 90% 
(—) (—) 100% 90% 
(++) (=) 95% 55% 
(+++) (— 
7096 1096 
(+++) (++) 


to 55% and 50% of controls, respectively. Fasting portal 
and peripheral vein insulin levels were 78% and 67% of 
controls. About 55% of these diabetic rats died within 
12 days after alloxan injection. When 70 mg/kg of 
alloxan were given, the diabetic rats were divided into 
two groups according to the absence or the presence 
of fatty liver: the mean fasting blood glucose levels of 
the diabetic rats with non-fatty livers were about 520 
mg/100 ml (group D) and those with fatty livers were 
about 712 mg/100 ml (group E). Fasting portal and 
peripheral vein insulin levels and insulin responses at 
the maximum to glucose load were inhibited severely. 


- Glucosuria and ketonuria developed concomitantly with 


high blood hydroxytubylate (5.55 mM) in these groups. 
Only 10% of these diabetic rats treated with 70 mg/kg of 
alloxan lived beyond 12 days. Since the blood glucose 
curves of groups A and B showed a return of blood 
glucose level toward normal levels within 3 hours, they 
are classified as parabolic GTT patterns. The blood 
glucose levels of groups C, D and E increased linearly 
for more than 3 hours after an oral glucose load. This 
type of response is called a linear GTT pattern. 

Figure 2, shows the survival rate of diabetic rats 
after partial hepatectomy. In groups A and B the survival 
rates of hepatectomized and sham operated groups were 
over 70% at 10 days after operation. In group C the 
survival rate fell rapidly to zero within 4 days after 
partial hepatectomy, and in the sham operated group 
the survival rate was 50% at 10 days. In groups D 
and E the survival times were short following either 
hepatectomy or sham operation, especially after partial 
hepatectomy. 

Figure 3 shows changes in the energy charge of 
remnant liver after partial hepatectomy in diabetic rats. 
In normal rats, the energy charge levels of the remnant 
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liver decreased significantly (P « 0.05) from 0.846 
+ 0.001 to 0.839 + 0.002 at 3 hours after partial hepatec- 
tomy and returned rapidly to normal level within 12 
hours. In groups A and B of diabetic rats, the energy 





AFTER OPERATION 


charge of the remnant liver decreased significantly 
(P « 0.05) from 0.864 + 0.003 to 0.817 + 0.007 and re- 
turned to normal level within 12 hours after partial 
hepatectomy. On the other hand, in groups C, D and E 
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of diabetic rats, the energy charge fell rapidly to re- 
markably lower level (P < 0.01) (0.785 + 0.012 in group 
C and 0.752 + 0.011 in group D and E) at 3 hours 
after partial hepatectomy, continued to fall and did not 
show any tendency to recover. In sham operated diabetic 
rats, however, there occurred no significant changes in 
the energy charge levels during the period tested. 

Table 2 shows the details of the changes in the con- 
centrations of adenine nucleotides of the remnant liver 
after partial hepatectomy. In groups A and B of diabetic 
rats, only slight reduction of ATP with a concomitant 
rise of ADP in the remnant liver was observed at an 
early stage after partial hepatectomy with rapid recovery 
to normal within 12 hours. The AMP and total nucleo- 
tide levels remained within normal concentrations. 
On the other hand, in groups C, D and E both ATP 
and total nucleotide concentrations decreased to signifi- 
cantly lower levels with a concomitant rise in both ADP 
and AMP concentrations. 

Changes in phosphorylative activity per unit of cyto- 
chrome a (+a,) of mitochondria from the remnant liver 
after partial hepatectomy in diabetic rats, and the details 
of the changes in mitochondrial oxidative phosphorylation 
are shown in Fig. 4 and Table 3. In groups A and B 
of diabetic rats oxidative and phosphorylative activities 
per unit of cytochrome a (+a,) of liver mitochondria 
were not significantly different from normal controls. 
In group C phosphorylative activity per unit of cyto- 
chrome a (+a) decreased slightly. In group D oxidative 
and phosphorylative activity per unit of cytochrome 
a (+a) and respiratory control ratio were inhibited signifi- 
cantly, although the P/O ratio remained within normal 
limits. In group E all of these levels were inhibited 
severely. After partial hepatectomy oxidative and phos- 
phorylative activities per unit of cytochrome a (+a,) of 
the remnant liver in groups A and B enhanced to signifi- 
cantly higher levels than those in sham operated normal 
rats shortly after operation and then gradually declined. 
The oxidative and phosphorylative activities per unit of 
cytochrome a (+a;) in the remnant livers of groups C, D 
and E did not, however, reach the levels of sham operated 
normal rats. 


Discussion 


A continuous supply of ATP, mainly from oxidative 
phosphorylation, is essential to maintain the diverse 
functions of the hepatocytes. Normally, the rate of forma- 
tion of ATP in the liver cells is equal to the rate of use 
of ATP, and intracellular ATP is maintained at a con- 
stant level. In this dynamic steady state, the concept of 
the energy charge proposed by Atkinson! as an indicator 
of cellular energy status is useful for understanding 
the cell's energy flow between energy-utilizing reactions 
and energy-generating reactions. A rise in energy ex- 
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The results shown are mean values + SEM. 
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Values in parenthesis indicate numbers of animals. 


* Significant statistically compared to corresponding sham operated animals, (P < 0.05). 
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te of the cells would result in a decrease of 
the energy charge, unless a concomitant increase in the 
rate of phosphorylation of. ADP to ATP occürs. 

After pártial hepatectomy. of groups A and B having 
no more than 28% inhibition in portal vein insulin re- 
sponse to glucose load, the energy charge levels of the 
remnant liver decreased slightly and coüld be restored 
rapidly toward normal levels, while after partial hepatec- 
tomy of groups ie D and E having more than 45% inhibi- 
tion, the energy charge fell remarkably. and could not be 
restored. The mitochondria obtained from the remnant 
liver of groups A and B exhibited a rise in the capacity 
to produce ATP. which exceeded. significantly the values 
of. sham operated normal controls at 3-24. hours. On 
the contrary, an enhancement of mitochondrial phos- 
phorylative activity did not reach the values of sham 
operated normal controls in groups C, D and E. 

Such in vitro studies: of isolated mitochondria might 
not, however, be directly indicative of the mitochondrial 
activity in situ, though the energy | charge measured in 
the liver tisse can indicate the actual state of the tissue 
at a given. time. Considering the recent observation? 
that insulin induces an enhancement in mitochondrial 
oxidative phosphorylation. with a concomitant rise in the 
energy charge of perfused guinea pig liver, it is tempt- 
ing to speculate that an enhancement in mitochondrial 
oxidative phosphorylation occurs as a result of conforma- 
tional or configurational changes in orie or all respira- 
tory elements which are acquired in vivo and are not 
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Fic. 4. Changes in phos- 
phorylative activity per 
unit of cytochrome a{+a,) 
of mitochondria from the 
remnant liver in five types 
of diabetic rats: following 
partial hepatectomy. *Sig- 
nificantly higher than the 
corresponding sham oper- 
ated. normal controls. 
**Only 2 animals were 
studied. 
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altered during the. isolation and assay procedure. Thus; 
these results indicate that, despite the marked rise in 
the energy-utilizing reactions in early regeneration 
processes, the delicate balance between energy-utiliza- 
tion and energy-generation can subsequently be re- 
stored to normal by an enhancenient of ATP generat- 
ing reactions in groups A and B, but can not in groups C, . 
D and E.. 

The possibility that an eikeen of liver mito-. 
chondrial function following partial hepatectomy. in 
groups C,.D and E is inhibited by the toxic effect of 
alloxan” may not be excluded completely. However, it 
has been found that the iritraportal administration of 
insulin restores the oxidativé and phosphorylative activi- 
ties in the liver mitochondria of severely diabetic rats 
treated with alloxan.!? Further evidence lias ac- 
cumulated, 8 indicating that an enhancement in mito- 
chondrial oxidative phosphorylation of liver is induced 
by ari elevated level of insulin available to hepatocytes. 
Consequently, it may. be suggested that one possible 
rate limiting factor for an enhancement of liver. mito- 
clioridrial phosphorylative activity in early regenerating 
processes may be. availability of portal vein insulin 
for respiratory assemblies of liver mitochondria, and that 
the more severe the impairement in insulin secretion 
from the pancreas, the lower the. potential functional 
capacity of liver. In mild diabetes the liver may be able 
to regenerate quickly after partial hepatectomy, by using a 
large quantity of available energy formed as a result of 
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enhanced ADP-phosphorylating reactions by mito- 
chondria, while the liver of severe diabetes can not adapt 
to hepatectomy in this way. 

Mildly diabetic rats with relatively good insulin re- 
sponse: to glucose load show a parabolic GTT pattern, 
while severely diabetic rats with highly inhibited insulin 
response to high blood glucose levels show a linear GTT 
pattern. The mortality rate by hepatectomy in the former 
is very low, while in the latter it is very high. Only 
the diabetic rats without ketonuria and with parabolic 
GTT pattern can tolerate the partial removal of the liver. 
The results of blood glucose response to glucose load 
in mildly and severely diabetic rats are consistent with 
two distinct patterns (parabolic and linear) of glucose 
intolerance classified in jaundiced patients?? and animals?” 
or patients with liver cancer.?! Also, it has been found 
that the energy charge and mitochondrial oxidative phos- 
phorylation of the liver is positively correlated with blood 
glucose and insulin levels in response to an oral glucose 
load.? Thus, glucose tolerance pattern in diabetes in 
human as. well as rats is indicative not only of the severity 
of impaired insulin secretion but also of the possibility of 
the occurrence ofa compensatory enhancement in mito- 
chondríal oxidative phosphorylation, and may be useful 
in assessing the functional hepatic reserve. 
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the most advanced 254 
clinical blood flowmeter. 


CLINIFLOW is a precision instrument 
designed specifically for clinical 
applications where patient safety and 
simplicity of operation are of paramount 
importance. A truly isolated input circuit 
provides the ultimate in patient isolation, 
even with improper use or association with 
other instrumentation. 


The CLINIFLOW System offers a new level of 
convenience and ease of operation. The 
operator simply dials the given 
pre-calibrated probe factor and adjusts the 
zero set meter. Quantitative blood flow is 
measured and displayed directly in ml/min 
or liters/min on a large, easy-to-read digital 
indicator. Range, decimal point and scale 
light are automatically established. 

CME's pioneering and unequaled 
leadership in flowmetry is represented in the 
CLINIFLOW. CME — First in Flowmeters. 


CAROLINA MEDICAL ELECTRONICS, INC. 


® P. 0. BOX 307, KING, N. C. 27021 USA TELEPHONE (919) 983-5132 


OPERATIVE 
CHOLANGIOGRAPHY UNIT 


This unit offers the advantages of simplified and 
consistently air bubble free operative Cholangiog- 
raphy. 

Note that the Cholangiogram is performed early in 
the operative procedure, prior to any air being in- 
troduced into the biliary duct system. 

The cannula allows it to seek its own direction in 
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Above rendering shows unit clamped in 


place. Note gall bladder has not been re- the cystic duct. 
moved, and no air has been introduced into After placement, only a clamp or clip is required to 
MO DUETS hold the cannula in place. A time saving and simpli- 
Each ORC unit shown below is furnished fied Cholangiogram is then performed. 
sterile, disposable and non-pyrogenic. The . . T . T 
unit consists of a tapered, rounded end metal This method is referenced in “Archives of Surgery”, 
cannula with a single side port, 12 inches of May 1976. 
PVC tubing and a durable metal hub. "A simple effective technique for performing Intra- 
operative Cholangiography . 
(EX us em : A , 1 t 
n E Re-prints and complete technical information will 


be mailed on request. 


E. M. PARKER CO., INC. 





646 Brookline Avenue 
Brookline, Mass. 02147 USA (617) 277-7211 
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Darvocet- 


lO 119! Darvon-N (propaxyphene napsylate) 
650 mg. acetaminophen 


recommended dosage: 
one tablet 9.4 n. 
rn. for pain 
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a potent 
analgesic 

for relief of 

mild to 
moderate pain 


DARVOCET-N' 100 


Propoxyphene napsylate with acetaminophen 


Indications: For the relief of mild to moderate pain, either 
alone or accompanied by fever. 


Contraindications: Hypersensitivity to propoxyphene or to 
acetaminophen. 


Warnings: Drug Dependence—Propoxyphene can produce 
drug dependence characterized by psychic dependence 
and, less frequently, physical dependence and tolerance. 
Propoxyphene will only partially suppress the withdrawal 
syndrome in individuals physically dependent on morphine 
or other narcotics. The abuse liability of propoxyphene is 
qualitatively similar to that of codeine although quantitatively 
less, and propoxyphene should be prescribed with the same 
degree of caution appropriate to the use of codeine 

Usage in Ambulatory Patients—Propoxyphene may impair 
the mental and/or physical abilities required for the perform- 
ance of potentially hazardous tasks, such as driving a car or 
operating machinery. The patient should be cautioned accord- 
ingly. 

Usage in Pregnancy —Safe use in pregnancy has not been 
established relative to possible adverse effects on fetal 
development. Therefore, propoxyphene should not be used in 
pregnant women unless, in the judgment of the physician, the 
potential benefits outweigh the possible hazards. 

Usage in Children —Propoxyphene is not recommended for 
use in children, because documented clinical experience has 
been insufficient to establish safety and a suitable dosage 
regimen in the pediatric age group. 


Precautions: Confusion, anxiety, and tremors have been 
reported in a few patients receiving propoxyphene concomi- 
tantly with orphenadrine. The central-nervous-system 
depressant effect of propoxyphene may be additive with that 
of other C.N.S. depressants, including alcohol. 


Adverse Reactions: The most frequent adverse reactions 
are dizziness, sedation, nausea, and vomiting. These effects 
seem to be more prominent in ambulatory than in nonambula- 
tory patients, and some of these adverse reactions may be 
alleviated if the patient lies down. 

Other adverse reactions include constipation, abdominal 
pain, skin rashes, lightheadedness, headache, weakness, 
euphoria, dysphoria, and minor visual disturbances. 

The chronic ingestion of propoxyphene in doses exceeding 
800 mg. per day has caused toxic psychoses and convul- 
sions. [0113754] 


Additional information available to the profession 
on request. 


Lilly Eli Lilly and Company, Inc. 


Indianapolis, Indiana 46206 
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Sixth Annual Meeting 
SOCIETY OF CRITICAL CARE MEDICINE 
MARCH 11-14, 1977 
NEW YORK HILTON HOTEL AT 
ROCKEFELLER CENTER 


This outstanding program will present lectures, panels, 
workshops and original papers on current concepts and 
methods in the management of the critically ill. Faculty 
and moderators are internationally recognized authorities in 
the field of critical care medicine. 


Lectures: Plenary Session—DEATH WITH DIGNITY 
Caring or Curing: Aesculapius Through the Vegetable Garden. 
John E. Fryer, M.D. 
Legal Considerations of the Quinlan Case: Their Implications for 
the Medical Profession. Paul W. Armstrong, Esquire 


SECOND HERBERT SHUBIN MEMORIAL LECTURE 

Hemodynamics of the Coronary Circulation with Special Refer- 
ence to Problems During Circulatory Failure. Richard Gorlin, 
M.D. 


ARNAR-STONE ANNUAL LECTURE ON CRITICAL 

CARE MEDICINE 

Importance of Endocrine and Metabolic Responses in Trauma 
and Shock. Richard H. Egdahl, M.D., Ph.D. 


Panels: CRITICAL METABOLIC THERAPY 

(Workshops in each area to follow) 
Energy Metabolism and Tissue Fuel. John M. Kinney, M.D. 
Liver Function in the Intensive Care Unit. John R. Border, M.D. 
Sepsis and Nutrition in Burn Survival. John F. Burke, M.D. 
Metabolic Basis for Steroid Therapy. William Schumer, M.D. 


THE PSYCHOLOGIC COMPONENT OF 

CRITICAL CARE 

Psychological Reactions to Acute, In-Hospital Illness. James 
Strain, M.D. 

Psychological Reactions to Specialized ICU's: Coronary, Surgical, 
Respiratory. Thomas Hackett, M.D. 


DYNAMICS OF SEPSIS 

Shock Associated with Gram-Negative Bacteremia. Burton A. 
Waisbren, M.D. 

Immunologic Considerations in the Treatment of Patients with 
Overwhelming Infection. Paul G. Quie, M.D. 

Chemotherapeutic and Immunologic Approaches to Patients with 
Severe Sepsis. A. Martin Lerner, M.D. 

Antibiotic Therapy of Severe Sepsis in Immuno-Depressed Pa- 
tients. Donald Armstrong, M.D. 


ECONOMICS OF CRITICAL CARE 
One Analysis. Henrik H. Bendixen, M.D. 
From Another Viewpoint. David J. Cullen, M.D. 


SIGNIFICANT ADVANCES IN INSTRUMENTATION 

Developments in Non-Invasive Oximetry. L. Stanley James, M.D. 

Current State of Membrane Oxygenator Support in Critically III 
Patients. E. Converse Peirce IIl, M.D. 

Advances in Mechanical Ventilator Technology. Stanley W. 
Weitzner, M.D. 


Short, scientific papers on current, previously unpublished research 
will be presented with opportunity for questions and discussion. 
Special features: receptions, luncheons with the faculty, scientific 
and technical exhibits, dinner-dance aboard ship “Robert Fulton”. 


SCCM Members—no fee. Non-members—registration fee, $75. 
Luncheon tickets Sunday @ $12.50 each, Monday @ $12.50 each, 
banquet tickets @ $30.00 each. Make checks payable to SCCM and 
return to: Box 3104, Anaheim, CA 92803. 


Name 
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EFFICACY Parenterally, 90.4% of 806 patients had an 
excellent to good clinical response (includes patients 
treated for a variety of respiratory tract, urinary tract, and 
skin and soft tissue infections, plus septicemia). 

Orally, 86.7% of 3719 patients had a comparable 
response (includes patients treated for respiratory tract. 
urinary tract, and skin and soft tissue infections). 


SAFETY 93.5% of 6555 patients free of any reported 
adverse reactions (includes patients who received 
Velosef by both oral and parenteral routes for a variety 
of susceptible infections). 


CONTINUITY Velosef is the only cephalosporin which 
can be used by both the oral and parenteral routes, 
affording a continuity of therapy for appropriate 
indications unique in this class of antibiotics .* 
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DESCRIPTION: Velosef '250' Capsules and Velosef ‘500° Capsules 
(Cephradine Capsules) provide 250 mg. and 500 mg. cephradine, re- 
spectively, per capsule. Velosef 125' for Oral Suspension and Velosef 
'250' for Oral Suspension (Cephradine for Oral Suspension) after re- 
constitution provide 125 mg. and 250 mg. cephradine, respectively, 
per 5 ml. teaspoonful. Velosef for Injection (Sterile Cephradine for In- 
jection) is a sterile powder for reconstitution available in vials contain- 
ing 250 mg., 500 mg.. or 1g. cephradine, and in bottles containing 2g 
or 4 g. cephradine. The preparations also contain 79 mg., 157 mg., 315 
mg., 630 mg., or 1.26 g. anhydrous sodium carbonate respectively. 
The sodium content is approximately 136 mg. (6 mEq.) per g. of 
cephradine. 


INDICATIONS: For the treatment of infections caused by susceptible 
strains of designated microorganisms as follows (injection for serious 
infections only): Respiratory Tract Infections due to Klebsiella sp., H 
influenzae, Staphylococcus aureus, for injectable forms only and those 
due to Streptococcus pneumoniae (formerly D. pneumoniae), and 
group A beta-hemolytic streptococci for oral and injectable forms 
[Penicillin is the usual drug of choice in the treatment and prevention of 
streptococcal infections, including the prophylaxis of rheumatic fever; 
Velosef (Cephradine, Squibb) is generally effective in the eradication 
of streptococci frorh the nasopharynx; substantial data establishing 
the efficacy of Velosef in the subsequent prevention of rheumatic fever 
are not available at present]; Otitis Media (oral forms only) dueto group 
A beta-hemolytic streptococci, H. influenzae, staphylococci, and 
Streptococcus pneumoniae; Skin and Soft Tissue Infections due to S. 
aureus and those due to group A beta-hemolytic streptococci (injec- 
tion only); Urinary Tract Infections due to E. coli, Pr. mirabilis and Kleb- 
siella sp.; Septicemia (injection only) due to Streptococcus 
pneumoniae, S. aureus, Pr. mirabilis, and E. coli. 

Note: Culture and susceptibility tests should be initiated prior to and 
during cephradine therapy. Renal function studies should be per- 
formed when indicated. 


CONTRAINDICATIONS: In patients with known hypersensitivity to the 
cephalosporin group of antibiotics. 


WARNINGS: Use cephalosporin C derivatives with great caution in 
penicillin-sensitive patients since there is clinical and laboratory evi- 
dence of partial cross-allergenicity of the two groups of antibiotics, 
there are instances of reactions to both drugs (including fatal anaphy- 
laxis after parenteral use). 

Use cautiously and only when absolutely necessary in persons who 
have demonstrated some form of allergy, particularly to drugs. Serious 
anaphylactoid reactions require immediate emergency treatment with 
epinephrine; administer oxygen, l.V. steroids, and airway management 
(including intubation) as indicated 

Usage in Pregnancy and Lactation: Although no teratogenic or 
anti-fertility effects were seen in reproduction studies in mice and rats 
receiving up to four times the maximum human dose, the safety for use 
in human pregnancy has not been established; weigh benefits in preg- 
nant women against possible risk to the fetus. Cephradine is secreted 
in breast milk during lactation. 





Usage in Infants: Although Sterile Cephradine for Injection has 
been used effectively in infants, consider the benefits to risks ratio of 
vx drug inthe treatment of premature infants or infants under one year 

of age since all laboratory parameters have not been extensively stud- 
ied in this age group 
PRECAUTIONS: To detect any side effects or unusual manifestations 
of drug idiosyncrasy, follow patients carefully. Discontinue drug and 
treat with the usual agents (e.g., pressor amines, antihistamines or 
corticosteroids) if a hypersensitivity reaction occurs 

Administer cephradine with caution in presence of impaired renal 
function. In known or suspected renal impairment, careful clinical ob- 
servation and appropriate laboratory studies should be made prior to 
and during cephradine therapy since cephradine accumulates in the 
serum and tissues. Patients with impaired renal function require a mod- 
ified dosage schedule (see package inserts). 

Prolonged use of antibiotics may promote overgrowth of nonsuscep- 
tible organisms. Take appropriate measures should superinfection 
occur during therapy. 

After treatment with cephradine, a false positive reaction for glucose 
in the urine may occur with Benedict's solution, Fehling's solution, or 
with Clinitest* tablets, but not with enzyme-based tests such as 
Clinistix® and Tes-Tape®. As with other cephalosporins, positive direct 
Coombs tests have been reported infrequently. 

Velosef for Injection (Sterile Cephradine for Injection) is physically 
compatible with most commonly used I.V. fluids and electrolyte solu- 
tions (such as 596 Dextrose Injection, Sodium Chloride Injection, or M/6 
sodium lactate); however, it is not compatible with Lactated Ringer's 
Injection because of the incompatibility between calcium ions and the 
sodium carbonate in Sterile Cephradine for Injection. 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy 
ADVERSE REACTIONS: Untoward reactions are limited essentially to 
G.I. disturbances and to hypersensitivity phenomena. The latter are 
more likely to occur in persons who have previously demonstrated hy- 
persensitivity and those with a history of allergy, asthma, hay fever, or 
urticaria. 

The following adverse reactions have been reported following use of 
cephradine: G.!.—glossitis, nausea, vomiting, diarrhea or loose stools, 
tenesmus, abdominafpain, heartburn. Skin and Hypersensitivity Reac- 
tions—mild urticaria-or skin rash, edema, erythema, pruritus, joint 
pains, drug fever. Blood—mild, transient eosinophilia, leukopenia and 
neutropenia. Liver (oral forms)—transient mild rise of SGOT, SGPT, 
and total bilirubin with no evidence of hepatocellular damage. Liver 
(Injection) —elevated SGOT and SGPT have been observed in approx- 
imately 1096 and 296 of patients respectively; elevated total bilirubin, 
alkaline phosphatase and LDH have been observed in a few cases; in 
most cases, values tended to return to normal after the end of therapy. 
Renal (oral forms)— Transitory rises in BUN have been observed in 
some patients treated with cephalosporins; their frequency increases 
in patients over 50 years old. In adults for whom serum creatinine deter- 
minations were performed, the rise in BUN was not accompanied by a 
rise in serum creatinine. Renal (Injection)—mild rises in BUN have 
been observed in some patients treated with cephalosporins; their fre- 
quency increases in patients over 50 years old and in children under 
three. In adults for whom serum creatinine determinations were per- 
formed, the rise in BUN was not accompanied by a rise in serum 
creatinine. Others —headache, dizziness, tightness in the chest, dys- 
pnea, paresthesia, candidal overgrowth, candidal vaginitis, hepa- 
tomegaly (isolated instances), and thrombophlebitis at injection site. 

Some patients experienced pain on I.M. injection. Administer Sterile 
Cephradine for Injection by deep I.M. injection since sterile abscesses 
have been reported following accidental subcutaneous injection. 

For full prescribing information, consult package inserts. 

HOW SUPPLIED: 250 mg. and 500 mg. capsules in bottles of 24 and 
100 and Unimatic® single-dose packs of 100; 125 mg. and 250 mg. for 
oral suspension in bottles of 100 ml. Sterile Cephradine for Injection 
available for I.M. or I.V. use in vials containing 250 mg., 500 mg.. or 1 g. 
cephradine, and for I. V. use in 100 ml. infusion bottles containing 2 g. or 
4 g. cephradine. 
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Acute Pancreatitis: 


Analysis of Factors Influencing Survival 


MARSHALL L. JACOBS, M.D., WILLARD M. DAGGETT, M.D., JOSEPH M. CIVETTA, M.D., M. ANDRE VASU, M.D., 
DEXTER W. LAWSON, M.D., ANDREW L. WARSHAW, M.D., GEORGE L. NARDI, M.D., 


Of patients with acute pancreatitis (AP), there remains a group 
who suffer life-threatening complications despite current 
modes of therapy. To identify factors which distinguish this 
group from the entire patient population, a retrospective analysis 
of 519 cases of AP occurring over a 5-year period was under- 
taken. Thirty-one per cent of these patients had a history of 
alcoholism and 47% had a history of biliary disease. The overall 
mortality was 12.9%. Of symptoms and signs recorded at the 
time of admission, hypotension, tachycardia, fever, abdominal 
mass, and abnormal examination of the lung fields correlated 
positively with increased mortality. Seven features of the initial 
laboratory examination correlated with increased mortality. 
Shock, massive colloid requirement, hypocalcemia, renal failure, 
and respiratory failure requiring endotracheal intubation were 
complications associated with the poorest prognosis. Among 
patients in this series with three or more of these clinical 
characteristics, maximal nonoperative treatment yielded a sur- 
vival rate of 29%, compared to the 64% survival rate for a 
group of patients treated operatively with cholecystostomy, 
gastrostomy, feeding jejunostomy, and sump drainage of the 
lesser sac and retroperitoneum. 


CUTE PANCREATITIS presents a broad clinical spec- 

trum ranging from cases so mild that symptoms abate 
before the diagnosis is actively pursued, to cases which 
progress rapidly to multisystem failure and eventual de- 
mise of the patient despite current modes of therapy. 
The great majority of cases fall somewhere between 
these two extremes, and most patients respond to con- 
servative therapeutic measures including nasogastric suc- 
tion and intravenous fluid replacement. This present study 
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was undertaken to examine the clinical spectrum of acute 
pancreatitis and to look in particular at that group of 
patients who suffer life-threatening complications. 
The early identification and subsequent management of 
these high risk patients are two areas of active con- 
troversy. In this retrospective study, information which is 
available to the clinician seeing a patient with a possible 
diagnosis of acute pancreatitis was analyzed with respect 
to diagnostic and prognostic value. Clinical and labora- 
tory data were evaluated as to their usefulness in the 
early identification of patients who can be expected 
to respond poorly to conservative measures, and who 
might benefit from any of several new therapeutic modali- 
ties under evaluation at this and other centers. 


Methods and Materials 


Population. Five hundred forty-three patients with 
a clinical diagnosis of acute pancreatitis were treated 
on the surgical and medical services of the Massachusetts 
General Hospital during the period from December 1963 
through April 1969. Of these, 24 had undergone a surgi- 
cal operation during the 60-day period prior to diagnosis 
or admission and were presumed to represent postopera- 
tive pancreatitis. The remaining 519 patients with 
acute pancreatitis constitute the patient population 
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ACUTE PANCREATITIS MORTALITY 


Fic. |. The overall mortality 
is 12.9%. Increased age is 
associated with increased 
mortality among both 
males and females. 
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analyzed in this study. This group includes 285 men and 
234 women. The youngest patient was 5 years old at 
the time of diagnosis and the eldest was 94. The mean 
age for the total population was 53.8 years. 

Data Base. These 519 patients’ hospital records were 
reviewed with particular attention to an extensive list of 
historical information, physical findings, laboratory data, 
and specifics regarding hospital course and complica- 
tions. The facts were then catalogued by standard key- 
punch technique, coded, and stored on magnetic tape. 
Processing and statistical analysis were carried out on 
an IBM 370/168 computer at the Harvard University 
Center for Information Technology, Cambridge, Massa- 


test was replaced by the Fisher Exact test when indi- 
cated because of small numbers. 


Results 


Mortality. The overall mortality for the entire series 
was 12.9% (Fig. 1). The mortality for males (13.4%) 
was not significantly different from that for females 
(12.4%). Among males, the mortality for patients over 
60 years of age was significantly greater than that of 
the total population. Among females, this was true of 
patients over 70 years of age. Figure | illustrates the 
association of increased mortality with increased age, a 
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The mean duration of hospitalization for the total 
population was 16.7 days and was greater for males 
(19.6 days) than for females (13.1 days). 

Causation. Figure 2 illustrates the mortality rate rela- 
tive to etiologic factors. One hundred and sixty-two pa- 
tients, 31.2% of the total population, had a history of al- 
coholism. Two hundred and forty-one patients, 46.4% of 
the total population, had a history of biliary disease. Of 
these latter patients, 47 had pre-existent gallstones, and 72 
had undergone biliary surgery more than 60 days prior 
to diagnosis. Sixty-eight patients had positive histories 
for both alcoholism and biliary disease. The 184 patients 
whose histories were positive for neither alcoholism 
nor previous biliary disease were considered to have 
idiopathic acute pancreatitis. The mortality for this 
idiopathic group (17.4%) was significantly higher than for 
those with alcoholism (8.0%) and for those with previous 
biliary disease (10.0%). Thus, alcoholism correlated nega- 
tively with mortality (P < .05), and a history of biliary 
disease had no significant correlation. Failure to be 
classified into either of these groups, i.e. idiopathic 
acute pancreatitis, had a positive correlation with 
mortality (P < .05). 

Of the 519 patients, 10 had hyperparathyroidism, 
51 had pre-existing diabetes, 90 had a history of peptic 
ulcer disease, and 23 had a history of hematemesis. 
None of these four groups showed a mortality rate 
significantly different from the overall series. None of 
the above mentioned etiologic factors was associated 
with a duration of hospital stay significantly different 
from the mean. 

Examination on Admission. The mortality rate rela- 
tive to features in the history obtained at the time of 
admission and findings in the initial physical examination 
is illustrated in Fig. 3. Vomiting (279 patients), abdominal 
pain (438 patients) and back pain (209 patients) were all 
associated with mortality rates no higher than that for 
the total population. Among the vital signs, low systolic 
blood pressure, tachycardia and elevated temperature 
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all correlated in a positive fashion with death rate. 
Tachypnea did not correlate with mortality, although an 
abnormal examination of the lung fields was associated 
with a significantly increased mortality (P < .001). A 
palpable mass in the abdomen, whether identified as 
organomegaly or not, was associated with significantly 
increased. mortality (P — .01). Abdominal tenderness, 
present in 390 patients, correlated with a decreased 
mortality (P — .001), and was present more fre- 
quently in young patients than in the older age groups. 
Grey-Turner's sign (5 patients) and Cullen's sign (4 
patients) were associated with increased mortality (60% 
and 5066 respectively), but only the former was statisti- 
cally significant (P < .05), because of the small sample. 
No elements of the admission history and physical ex- 
amination were associated with significant prolongation 
of hospital stay among patients who survived and were 
discharged alive. 

Laboratory Examination. Table 1 lists 12 laboratory 
tests (hematology and blood chemistry) that were 
analyzed to determine their prognostic value. Analysis 
of available test results was conducted for three time 
periods as follows: 1) on admission and during first 
hospital day; 2) on admission and during the first two 
hospital days; 3) entire period of hospitalization. 

In the first time period, a total of seven features in 
the laboratory examination correlated positively with 
increased mortality (P < .05). These are: minimum serum 
albumin less than 3 gm/100 ml, maximum prothrombin 
time greater than 14 seconds, maximum white blood 
cell count greater than 20,000 per mm?, maximum hemato- 
crit less than 30%, maximum serum creaunine greater 
than 2 mg/100 ml, maximum blood urea nitrogen (BUN) 
greater than 30 mg/100 ml, and maximum serum bili- 
rubin (total) greater than 4 mg/100 ml. 

Two additional features of the laboratory examination 
attain a significant level of correlation with mortality 
when considered over the second time period, i.e. the 
first 48 hours of hospitalization. These are a minimum 
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TABLE 1. Prognostic Value of Laboratory Examinations: Correlation with Mortality 


Admission and first 


Admission and first Entire hospital 


hospital day two hospital days course 
Amvlase max. <25 Russell U./ml (38, 18.4%) (56, 19.6%) (3, 0.0%) 
Amylase max. >25 Russell U./ml (352, 11.4%) (405, 11.9%) (S16, 13.0%) 
Prothrombin time max. >14 seconds (88, 28.4%)z (105, 25.7%)t (173, 26.0%)t 
WBC max. 720,000/mm? (62, 22.6%)* (79, 24.1%)* (116, 26.79€) 
Hematocrit max. <30% (13, 38.5%)" (14, 42.9%)t (8, 37.5%) 
Hematocrit max. >50% (24, 25.0%) (31, 22.6%) (42, 21.4%) 
Hematocrit min. <30% (21, 23.8%) (27, 29.6%)* (72, 26.4%)} 
Hematocrit min. >50% (13, 22.190) (6, 33.3%) (S, 20.0%) 
Creatinine max. >2 mg/100 ml (13, 53.8%)* (22, 50.0%)+ (44, 54.5606) 
Calcium min. =8 mg/100 ml (26, 15.4%) (56, 19.6%)* (136, 22.196)t 
Calcium min. =7 mg/100 ml (10, 20.0%) (18, 27.8%)* (34, 29.4%)? 
Calcium min. =6 mg/100 ml (3, 33.3%) (7, 14.3%) (14, 28.6%) 
BUN max. >30 mg/100 ml (45, 48.9976) (53, 49.1%)t (98, 49.09€): 
BUN max. >40 mg/100 ml (30, 53.3%)t (37, 54.196) (70, 60.092): 
Bilirubin max. 74 mg/100 ml (43, 23.3%)* (59, 23.7%)t (80, 28.806) 
Albumen min. <3 gm/100 ml (9, 44.4%)* (14, 35.7%)* (47, 36.2%)} 


Figures in parentheses represent number of patients with indicated test result, followed by per cent mortality for these patients. 
* Significant positive correlation with mortality P < 0.05 Fisher’s Exact Test: + Significant positive correlation with mortality P < 0.01 
Fisher's Exact Test; € Significant positive correlation with mortality P < 0.001 Fisher's Exact Test. x 


hematocrit less than or equal to 30%, and a minimum 
serum calcium less than or equal to 8 mg/100 ml. A 
minimum serum calcium less than or equal to 7 mg/100 
ml also attains a significant correlation with death rate 
and is associated with a higher mortality than is the 8 
mg/100 ml level (27.8% vs. 19.6%). 

As indicated in Table 1, all those features of the labora- 
tory examination that attain a significant level of correla- 
tion with mortality at anytime during the patient's entire 
hospitalization (period III), have attained significance (P 
« .05) by the end of the first 48 hours. The individual 
prognostic accuracy of features of the laboratory ex- 
amination during this time period is illustrated in Fig. 4. 

The features of the laboratory examination which were 
analyzed and found not to correlate with mortality were 
minimum and maximum levels of serum amylase (Fig. 5). 
maximum serum lipase, maximum alkaline phosphatase, 
and minimum arterial Po,. It should be noted, however, 
that due to the timing of the study (hospital admissions 
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between 1962 and 1969) blood gas determinations were 
not available in a sufficient number of patients 
during the first 48 hours to allow a significant analysis 
of these variables relative to mortality. 

Five elements of the laboratory examination were 
associated with significant prolongation of hospital stay 
among patients who survived and were discharged live. 
As shown in Fig. 6, these are minimum serum albumin 
less than 3 gm/100 ml, minimum hematocrit less than 
30% , maximum serum creatinine greater than 2 mg/100 ml, 
minimum serum calcium less than 8 mg/100 ml, and 
maximum blood urea nitrogen (BUN) greater than 30 
mg/100 ml. 

Roentgenographic Findings. One hundred seventy- 
eight patients, 34.3% of the total population, had at least 
one chest x-ray which was interpreted as abnormal at some 
time during their hospital course. Forty-one of these 
patients died (23.0%). Thus, an abnormal chest x-ray 
correlated strongly (P — .001) with mortality. One 
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Fic. 5. Maximum level of serum amylase during hospitalization does 
not correlate with mortality. 


hundred and sixty-four patients underwent a Graham- 
Cole test (oral cholecystography). Forty-six per cent of 
these were interpreted as abnormal. Such findings did 
not correlate with mortality. 

Four hundred and twenty-three patients underwent 
plain film examination of the abdomen. Thirteen patient's 
films showed loss of the psoas shadow, and 9 showed 
pancreatic calcification. Neither of these findings corre- 
lated with mortality. 

Hospital Course and Complications. The mortality 
rate relative to complications suffered by 10 or more 
patients in this series is shown in Fig. 7. Twenty- 
three patients suffered acute renal failure. Only one 
survived. While elevations of both the BUN and serum 
creatinine levels correlated with mortality (Table I), 
. there was no correlation between death rate and reduced 
urine output (of 400 cc or less) in the first 24 hours of 


70 
60 
( n ) = Number Patients 

., 90 
Fic. 6. Prognostic value of K 
laboratory examinations. q 

Correlation of 5 abnor- Q 40 
malities of the laboratory — t 
examination with increased € 

duration of hospital stay W/W 30 
among patients who sur- = 

vived and were discharged. Q 20 

IO 

0 


Amylase Albumin - 
mox min. 


>29 <3 


max. 
»|4 


ACUTE PANCREATITIS 





mox. 
>20,000 <30 


47 


hospitalization. This observation suggests that early urine 
output may better reflect the degree of hydration and/or 
cardiac output than the status of renal function in pa- 
tients with acute pancreatitis. 

Forty-eight patients required tracheal intubation and 44 
required mechanical ventilatory assistance. These fac- 
tors were associated with 79.2% and 75.0% mortality 
respectively. A clinical impression of hemorrhage from 
any source (which is to be distinguished from the classifi- 
cation hemorrhagic pancreatitis referred to by others) 
was associated with a 75% mortality rate. In this series, 
19 patients had a diagnosis of upper GI hemorrhage, 
3 patients had a diagnosis of intraperitoneal bleeding, 
and 5 patients suffered a generalized bleeding diathesis. 
Of the 28 patients with a diagnosis of hemorrhage, 8 had a 
prothrombin time of greater than 14 seconds during the 
first 24 hours of hospitalization. All 8 of these patients 
subsequently died. 

Thirty-three patients presented initially with a systolic 
blood pressure of less than 90 mm Hg and 47 had similarly 
low pressures during the first 24 hours. Mortality rates 
for these two groups were 39.4% and 29.8% respectively 
(P < .001). Sixty-four patients presented initially with 
systolic blood pressure of less than 100 mg Hg. Twenty- 
nine per cent of these patients died. 

Fifty-two patients had positive blood cultures, and 
38.5% of these died. Thirteen patients had a clinical 
diagnosis of septic shock (mortality 84.6%) but only 7 
of these patients’ charts had laboratory reports of posi- 
tive blood cultures. Three hundred and sixty-three 
patients received antibiotics, and, while this factor corre- 
lated positively with mortality (P < .001), this informa- 
tion must be regarded cautiously, given the variable 
and subjective criteria for initiating antibiotic therapy 
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and the tendency to use antibiotics empirically in the 
more severe cases. 

Calcium requirement, another subjective evaluation, 
also correlated with mortality (P « .001). Seventy-five 
patients were thought to require calcium and of these 28% 
died. Only two patients suffered tetany; both died. Ten 
patients had a diagnosis of hyperlipemia, based on 
lactescent serum or an elevated serum lipid determina- 
tion. Mortality in this group did not differ from that of 
the total population. 

The 133 patients who underwent a surgical operation 
at any time during their hospitalization had a mortality 
rate that was the same as that of the total popula- 
tion. Of the total population, 10 patients developed 
pancreatic cysts and 18 developed abscesses. Neither 
of these complications correlated with increased mor- 
tality. - 

Table 2 shows the mortality rate relative to the extent 
of colloid replacement. In each time period, there is a 
positive correlation of quantity of colloid given with 
mortality. Once again, the usefulness of this data is 
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Fic. 7. Mortality rate rela- 
tive to complications suf- 
fered by ten or more pa- 
tients. 


tempered by the subjective nature of a judgement of col- 
loid requirement. 

During hospitalization, five patients developed dia- 
betes, defined as prolonged hyperglycemia; two died. 


Discussion 


The 12.9% mortality rate for acute pancreatitis at the 
Massachusetts General Hospital during the 5-year period 
1963—1969 is similar to figures in recent reports from 
other centers.??5 It is also similar to the 11% figure 
reported from the Massachusetts General Hospital by 
Bartlett and Nardi for the 5-year period 1949- 1953.3 

The patient population analyzed in this study is that 


of a university teaching hospital which draws upon ` 


the heavily populated urban area in which it is located, 
but which also serves as a referral center for a wide 
area. These factors and the fact that the data analyzed 
herein were obtained by review of hospital charts, are 
possible explanations for the higher percentage of ‘‘idio- 
pathic pancreatitis’’ than that reported by other authors. 


TABLE 2. Mortality Rate Relative to Amount of Colloid Administered 








Day 1 Day 2-3 Day 4-7 Week 1-2 Beyond Week 2 

n % mort n % mort n % mort n 96 mort _ n % mort 

0-— 1000 cc 86 18.6% 115 13.9% 68 23.5% 45 26.7% 27 22.296 

1001-2000 cc 19 26.396 ^ 34 29.4% 21 23.8% 14 21.4% 5 20.0% 

>2000 cc 12 75.0% 18 38.9% 9 44.4% 21 42.9% 33 51.5% 
P « .001 P « .001 P « .001 P< .001 P « .001 
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Acute pancreatitis favors neither sex, with regard to 
incidence or mortality. Increased age was associated 
with an increased death rate, as reported by others.?:!?: 1^?! 


Early Prognostic Signs 


Physical Signs. Identification of the severely threat- 
ened patient with acute pancreatitis begins with the 
initial phase of the examination, and the recording of 
vital signs. Hypotension, tachycardia and fever upon 
presentation were all associated with increased mor- 
tality. Foster and Ziffren!! reported a high mortality of 
86.9% in a group of 23 patients with acute pancreatitis 
and shock. Facey et al.,? Elliot, and Ranson,?! all 
reported that in most instances, hypotension did not 
persist in the face of vigorous intravenous replacement. 
In our series, however, there was a greater than 39% 
mortality among the 33 patients who presented with a 
systolic blood pressure of less than 90 mm Hg. and a 
29% mortality among the 64 patients who presented 
with systolic blood pressure of less than 100 mm Hg, 
though the usual measures were taken to correct hypo- 
volemia. The importance of a high index of suspicion to 
rule out acute pancreatitis in the moribund patient with 
hypotension is demonstrated. Eight of the 25 fatal cases 
of acute pancreatitis in the series reported by Toffler 
and Spiro” presented with shock or coma, and no diag- 
nosis was made before death. 

Black? reported fever as a presenting sign in 75% 
of a group of 250 patients with acute pancreatitis. 
In the present series, 142 patients (27%) had an initial 
temperature greater than 101°F and 20% of these patients 
died. 

Of the remainder of the physical examination, the 
presence of an abdominal mass and abnormal findings 
over the lung fields correlated with increased mortality. 
Our results suggest that in acute pancreatitis the initial 
physical findings do in fact help to predict the severity 
of the clinical course, though little importance has in 
the past been placed upon their prognostic value. 

Serum Amylase. All but three of the 519 patients had a 
serum amylase greater than 25 Russell units'® recorded 
at some time during their hospital course. For the 56 
patients who had a normal serum amylase (0—25 Russell 
units) recorded during the early part of their hospitaliza- 
tion, the mortality rate was 20%, which appears greater 
than that for the overall group, but was not statistically 
significant. Albo and Silen? reported a normal value for 
the serum amylase in one-third of their very ill patients 
with hemorrhagic pancreatitis. 

The maximum amylase in the first 48 hours and in the 
entire hospital course did not appear to be of prognostic 
value. This observation confirms previous reports by 
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Bockus,? Pollack,” Trapnell,?? Edmonson,’ and Ran- 
son.*! Our data do not corroborate the report by 
Adams and his group! in which the serum amylase 
level was inversely related to the severity of the disease. 
The prognostic value of persistence of elevated amylase 
levels, which was reported by Foster and Ziffren."' 
Bockus,? and Veith,;?* and which Trapnell? failed to 
demonstrate, was not evaluated in this study. In the 
present series of patients, however, the maximum level 
of amylase at any time during the hospital course was 
no better indicator of the severity of disease than were 
similar values obtained during the initial 48 hours. 

White Blood Cell Count. Thal,™ and Silen,” and Ranson 
and colleagues?! have all reported a positive correlation 
between leukocytosis and severity of disease. Of the 519 
patients in this series, 79 had a white blood cell count 
greater than 20,000 per mm? during the first 48 hours. 
Mortality for this group was 24% which is significantly 
greater than that for the total population (P — .01). 

Hematocrit. A hematocrit of less than 30% at any 
time during the initial 48 hours correlated with increased 
mortality (P < .05). Failure to elevate the hematocrit 
above the 30% level during the same time period was 
associated with a 43% mortality (P < .01). Thus, the 
presence of anemia was a useful prognostic sign and 
the importance of early treatment by transfusion with 
whole blood or packed red blood cells is also demon- 
strated. Our data do not confirm the report by Gray 
and Rosenman" that hemoconcentration on admission is 
significant as a poor prognostic sign. 

Respiratory Insufficiency. Abnormal examination of 
the lung fields, by both physical and roentgenographic 
methods correlated with increased mortality in patients 
in this series. The importance of diagnosing respiratory 
insufficiency early, however, requires a high index of 
suspicion and confirmation by determination of arterial 
blood gases. Ranson”? reported a high incidence of mild 
to moderate respiratory insufficiency based on arterial 
blood gas determinations in a group of patients among 
whom very few had clinically or roentgenographically 
apparent signs of respiratory problems. Fishbein and 
colleagues!” and Lawson et al.'* noted earlier the rela- 
tion between respiratory complications and poor prog- 
nosis in acute pancreatitis. Warshaw and colleagues re- 
cently reported a series of 7 patients with severe pan- 
creatitis and a distinct form of pulmonary injury char- 
acterized by disruption of the alveolar-capillary mem- 
brane, leading to pulmonary edema.** In these cases, 
oxygenation and ventilatory function improved during a 
period of controlled ventilation with positive end- 
expiratory pressure. It should be emphasized that this 
particular type of pulmonary injury is not shared by 
all or even most patients with acute pancreatitis compli- 
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Fic. 8. Survival of patients with shock, respiratory failure, hypo- 
calcemia and massive colloid requirement. Comparison of survival of 
severely ill patients undergoing cholecystostomy, gastrostomy, feeding 
jejunostomy and sump drainage of the lesser sac and retroperitoneum 


(Group I)” to that of comparably ill patients in the present series 
who did not undergo that operation. 


cated by respiratory insufficiency. Forty-eight patients 
in the present series had respiratory complications 
necessitating endotracheal intubation which was asso- 
ciated with a mortality rate of nearly 80%. Perhaps 
earlier and more effective intervention in the present 
era will reduce this figure. 

Renal Function. Many authors have reported the inci- 
dence of altered renal function in the presence of acute 
pancreatitis. In this series, elevations of both the BUN 
(to greater than 30 mg/100 ml) and the serum creatinine 
(to greater than 2 mg/100 ml) were associated with signifi- 
cant increases in the mortality rate. Frey'* reported 
an 80% mortality rate for patients with acute pancreatitis 
who suffered acute renal failure. Of the 23 patients in 
this series who suffered frank renal failure, only one 
survived (96% mortality). As noted above, in the patients 
under discussion, oliguria during the initial 24 hours is not 
a reliable indication of renal failure. 

Howard and Jordan,'® Pollack.?" Nardi'* and 
Trapnell? all have pointed out that exploratory laparot- 
omy does not necessarily increase the mortality of acute 
pancreatitis. Of the 519 patients in this series, 133 under- 
went surgery and had a mortality rate that was the same 
as that for the total population. 

The aforementioned studies do not selectively address 
the question of surgical treatment of those severely ill 
patients with acute pancreatitis who continue to de- 
teriorate despite maximal medical treatment. These 
patients might benefit from any of several therapeutic 
modalities currently under evaluation. These include 
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peritoneal lavage, subtotal pancreatectomy, and the use 
of anti-enzyme preparations. Lawson and Daggett and 
their associates!" advocated for such patients on opera- 
tion that includes cholecystostomy, gastrostomy, feed- 
ing jejunostomy, and sump drainage of the lesser sac 
and retroperitoneum. Warshaw and colleagues?’ under- 
took a retrospective analysis of patients so treated to 
identify those most likely to benefit from such a proce- 
dure. Group 1 of their study consisted of 11 patients 
with acute pancreatitis judged to be dying. All but one of 
them had at least two, and most had three or four of the 
following clinical characteristics: 1) respiratory failure 
requiring intubation; 2) shock; 3) massive colloid require- 
ment; and 4) serum calcium of 8.0 mg/100 ml or less. 
Seven of the 11, (64%), survived and were followed for 
an average of two years. In the present series, the 
survival rate for all patients with three or more of those 
same clinical characteristics was 29% (Fig. 8). For pa- 
tients with two or more of those clinical characteristics, 
the survival rate was 51%. The high mortality of such 
severely ill patients, despite maximal medical treat- 
ment, suggests that alternative therapeutic approaches 
receive broader consideration. 


Conclusions 


A retrospective analysis of 519 cases of acute pan- 
creatitis was undertaken. Clinical and laboratory ex- 
aminations were analyzed to determine their prognostic 
value. Hypotension, tachycardia, fever, and abnormal 
lung findings correlated with increased mortality. The 
degree of elevation of the serum amylase was not use- 
ful prognostically. Certain laboratory tests could be used 
to select more severe degrees of pancreatitis during 
the initial 48 hours, as evidenced by higher mortality 
rates. Those features associated with an exceedingly 
poor prognosis have been identified. High risk patients 
may benefit from early surgical intervention. 
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Surgical Treatment of Cancer of the Pancreas and the 


Periampullary Region: 


Cumulative Results in 57 Institutions in Japan 


AKIRA NAKASE M.D., YOSHIRO MATSUMOTO, M.D., KOTARO UCHIDA, M.D., ICHIO HONJO, M.D. 


In this study the experiences with carcinomas of the pancreas, 
ampulla of Vater, terminal comma bile duct, and duodenum 
found in a series of 3,610 patients collected from 57 major 
Japanese institutions was compiled over a 26 year period. 
The results were analyzed as to the success of resectional and 
palliative surgery for the various lesions. The most common 
"lesion was carcinoma of the head of the pancreas. Unfor- 
tunately, only 18.3% of these patients were resectable with a 
25.3% mortality. Carcinoma of the body and the tail was the 
second most frequent lesion, and it also exhibited a low 
resection rate. Carcinomas of the ampulla and the terminal 
common bile duct and duodenal regions were the most favor- 
able for resection; usually pancreatoduodenectomy with an 
overall mortality of 20.8%. As a result of the large number 
of pancreatectomies performed, there was also a large number 
of postoperative complications, the most frequent being leak- 
age at an anastomotic line. Hemorrhage also occurred fre- 
quently. Distal pancreatectomies were reserved for carcinoma 
of the body and the tail of the pancreas, and the most 
common postoperative complication of this procedure was 
hemorrhage. There were only 45 total pancreatectomies among 
the 973 resections being performed most frequently in patients 
with carcinoma of the head of the pancreas. Again, the most 
frequent postoperative complication was hemorrhage, followed 
by anastomotic leakage. The long term survivals following re- 
section for these lesions were each poor. The best mean survival 
time was 22.7 months for carcinoma of the ampulla of Vater. 
Patients having resections for carcinoma of the head of the 
pancreas had a mean survival time of 12.3 months. At 5 years 
there were few survivors and most of them were patients who 
had undergone resections for carcinoma of the ampulla of Vater. 
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From the Kyoto University Medical School, 
Kyoto, Japan 


P ALLIATIVE SURGERY Was performed most frequently 
in patients with carcinoma of the head of the pan- 
creas. The most common palliative procedure was a 
biliary bypass and the usual form of biliary bypass was 
internal drainage. Almost one-fourth of the palliative 
procedures were gastrojejunostomies and half of these 
were performed in persons with carcinoma of the head 
of the pancreas. The overall mortality for palliative 
surgery was 21.696. The lowest mortality in palliative 
procedures was observed in those patients who had 
duodenal carcinoma. Patient survival after palliative sur- 
gery was less than 1 year. 

Despite recent advances in the diagnosis and surgical 
techniques the prognosis after surgery for carcinoma 
of the pancreas and periampullary region remains dismal. 
In 1935, pancreatoduodenectomy was first described by 
Whipple and associates and consisted of a two-stage 
operative procedure for the treatment of carcinoma of 
the periampullary region. In 1949, Yoshioka!? performed 
a pancreatoduodenectomy for gastric carcinoma which 
had extended into the head of the pancreas and during 
the same year, Honjo did a total pancreatectomy for 
carcinoma of the head of the pancreas. In the present 
study the results of 26 years of surgical therapy are 
reported for carcinomas of the pancreas, ampulla of 
Vater, terminal common bile duct, and duodenum. 
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TABLE I. Distribution and Incidence of Cancer 
vy Location of Primary Lesions 


Pancreatic 
Location No. Patients Incidence (%) Cancer Only 
Head 1,819 50.4 (65.2) 
Body and tail 619 17.1 (22.2) 
Entire pancreas 354 9.8 (12.6) 
(100%) 
Ampulla of vater 459 12.7 
Terminal common 
bile duct 309 8.6 
Duodenum 50 1.4 
Total 3,610 100 


This study is the consequence of a cooperative effect 
by 57 major Japanese institutions. 


Results 


. The distribution and incidence of cancer by location 
of primary lesion are shown in Table 1. There were 
3,610 patients with pancreatoduodenal lesions treated 
in the period 1949-1974. In this survey, 77% of the 
lesions were found in the pancreas. The most frequent 
pancreatic lesion was carcinoma of the head (50.4%), 
while those found in the body and tail (17.1%) were 
the next most frequent. The third most frequent loca- 
tion was the ampulla of Vater (12.7%). Involvement 
of the terminal common bile duct and the entire 
pancreas each had less than 10% incidence. Duodenal 
carcinomas (1.4%) were very uncommon. 

The resectability of the various lesions is shown in 
Table 2. Carcinomas of the head, body, and tail were 
the most frequent observed lesions. However, their re- 
sectability was very low. Only 18.3% of the lesions 
found in the head were resectable while 14.5% of 
those found in the body and the tail were amenable to 
surgical excision. On the other hand, lésions found in 
the ampulla of Vater were resectable in 76.596 of 
patients. Lesions of the terminal common bile duct 
and duodenum both exhibited greater than a 50% 
resectability. Those lesions which involved the entire 
pancreas were generally unresectable. 
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TABLE 2. Resectability of Pancreatic, Periampullary, 
and Duodenal Carcinomas 


No. of No. with Resect- 
Lesions Patients Resection ability (%) 

Carcinoma of head 1,819 332 18.3 
Carcinoma of body and tail 619 90 14.5 
Carcinoma of entire pancreas 354 8 2:4 
Carcinoma of ampulla 459 351 76.3 
Carcinoma of terminal 

common bile duct 309 161 52.1 
Duodenal carcinoma 50 31 62.0 


The type of resections used in treatment of carcinomas 
of the pancreas, periampullary region and duodenum 
are summarized in Table 3. Pancreatoduodenectomy 
was the most common type of resection, and in the 973 
patients who underwent resections, 824 had this proce- 
dure. Carcinomas of the head and the periampullary 
region appeared to be most suited to this procedure 
(638 of the 824 pancreatoduodenectomies were performed 
in these groups of patients). Distal pancreatectomies 
were used almost exclusively for those lesions found 
in the body and the tail of the pancreas. Only 45 total 
pancreatéctomies were performed in the entire series; 
22 of these were done for lesions confined to the head 
of the pancreas, 9 for lesions in the body and the tail, 
and the remainder were distributed among those lesions 
which involved the entire pancreas or the periampullary 
or terminal common bile duct regions. 

The operative mortality of resection according to the 
location of the primary tumor is shown in Table 4 (death 
occurring within one month after surgery.) Of the 973 
patients who underwent resection, 192 died within a 
month with a mortality of 19.7%. The highest mortality 
occurred when the carcinoma involved the entire pan- 
creas (37.5%), head of the pancreas (25.3%), or the 
terminal common bile duct (21.7%). The lowest mortality 
was seen in carcinoma of the body and the tail (1092). 
and carcinomas of the ampulla and duodenum were 
associated with a mortality of 16%. 

The operative mortality when pancreatoduodenectomy 
was used as the method of management of the various 
malignancies is shown in Table 5. There were 822 


TABLE 3. Resections Used in Pancreatic, Periampullary, and Duodenal Carcinomas 


No. Pancreato- Distal Total 
Lesions Resection duodenectomy Pancreatectomy Pancreatectomy Other 

Carcinoma of head 332 308 0 22 2 

Carcinoma of body and tail 90 l 79 9 l 

Carcinoma of entire pancreas 8 1 l 6 0 

Carcinoma of ampulla 351 330 0 4 17 
Carcinoma of terminal common 

bile duct 161 157 0 4 0 

Duodenal carcinoma 31 27 0 0 4 

Total 973 824 80 45 24 
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TABLE 4. Mortali ty Following Resection for Pancreatic, Periampullary, 
and Duodenal Carcinomas 


No. No. Op. Mor- 
Lesions Resection Deaths* tality (%) 
Carcinoma of head 332 84 25.3 
Carcinoma of body 
and tail 90 9 10.0 
Carcinoma of entire 
pancreas 8 3 37.5 
Carcinoma of ampulla 351 56 16.0 
Carcinoma of terminal 
common bile duct 161: 35 21.7 
Duodenal carcinoma 31 5 16.1 
Total 973 192 19.7 


* Died within one month postoperatively. 


pancreatoduodenectomies performed - with 171 aberalive 
deaths (20.8%). The highest-mortality was observed when 
the procedure was performed for carcinoma of the head 
of the pancreas (25%). A similar rate was also observed 
with terminal common bile duct cancer (22.3%). Car- 
cinoma of the periampullary region and duodenum re- 


spectively exhibited the lower mortality rates of 16.4% 


and 18.5%. 

The postoperative complications following — 
resection are shown in Table 6. Of the 403 complica- 
tions observed with pancreatoduodenectomy the most 
frequent was leakage from an anastomatic suture line. 
Of the 177 leaks, 114 occurred at the pancreatojejunal 
anastomosis. The remainder occurred either at bile 
duct-jejunal (45) or gastrojejunal (18) anastomoses. There 
were also 87 episodes of hemorrhage and 56 episodes 
of cardiopulmonary failure. There was also a 5% 
(21/403) incidence of renal failure. 

The most common complication in distal pancreatec- 
tomy was hemorrhage, which accounted for 5 of the 18 
reported problems. This was also true for total pan- 
createctomiés where 6 of the 17 postoperative complica- 
tions were hemorrhage. Bile duct-jejunal anastomotic 
leakage in total pancreatectomy acounted for 4 of the 17 
reported complications, while 2 of the 17 were due to 
‘renal failure. 
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TABLE 5. Operative Death after Pancreatoduodenectomy 





No. No. 
Pancreato- Operative Operative 
Lesions duoderiectomy Deaths* Mortality 
Carcinoma of head 308 77 25.0 
Carcinoma of ampulla 330 54 16.4 
Carcinoma of terminal 
common bile duct 157 35 22.3 
Carcinoma of g 
duodenum 27 5 18.5 
Mean |. 822 171 20.8 


* Dead within one month postoperatively. 


Survival 

. Survival results following resection are depicted in 
Table 7 according to the location of the primary lesion. 
Meai survival was best for those with carcinoma of 
the ampulla, the mean being 22.7 months. Patients with 
either carcinoma of the terminal common bile duct or 
duodenal carcinoma had meani survivals in the range of 
18 months. Those with malignancies in the head of the 
pancreas had a mean survival of one year. The poorest 
survivals were seen in patients who had resections for 
carcinoma óf the body and the tail or the entire pan- 
creas, the respective mean survivals being 9.6 months 
and 4.9 moriths. The ampullary lesions had approximately 
a 10% survival while the terminal common bile duct and 
duodenal carcinoma had a 7 to 896 three-year survival. 
Five-year survivals were dismal; and in none of the 
groups was it greater than 7%. The longest survivals 
were those patients with lesions in the ampulla, the 
terminal common bile duct and the duodenum. The few 10 
year survivors occurred in ampullary and terminal com- 
mon bile duct lesions. Seven (2.5%) of the 285 patients 
who were operated on for ampullary carcinoma and 
one of the 132 operated on for terminal common bile 
duct cancer survived 10 years. 

The palliative procedures performed in pàtients who 
were not candidates for resection are summarized in 
Table 8. There were 2,055. procedures performed for 
palliation. Biliary bypass was the most commonly per- 


TABLE 6. Postoperative Complications Following Pancreatic Resections 


Pancreato- 


Distal Total 

duodenectomy Pancreatectomy Pancreatectomy Other Total 

Hemorrhage 87 5 6 i 99 

Leakage of anastomosis 

Pancreatojejunal 114 0 0 I 115 
Bile duct-jejunal 45 0 4 0 49 
Gastrojejunal 18 0 1 0 19 
Cardiopulmonary failure 56 3 2 0 61 
Renal failure 21 0 2 0 23 
Miscellaneous 63 10 2 1 76 
Total -> 403 18 17 3 442 
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TABLE 7. Surviva! Following Resec tion for Pancreatic, Periampullary, and Duodenal Carcinomas: ( 1949 1974, 50 Institutions) 


pce tn NUN MU E. EL 


BNET E a mcd 


No. Mean . 
Operative Survival 
Lesions Survivals Period (mos.) 
Carcinoma 
Head 230 12.3 
Body and tail 66 9.6 
Entire pancreas 5 4.9 
Ampulla 285 22.7 
Terminal common ; 
bile duct 132 17.5 
Duodenal 28 19.0 


l yr. 3 yrs. 5 yrs. 10 yrs. 
Alive Alive Alive 
67 (29)* 8 (4) 6 (3) 0 (0) 
18 (27) 2 (3 1 (2) 0 (0) 
1 (20) 0 (0) 0 (0) 0 (0) 
115 (40) 27 (10) 17 (6) 7 (3) 
50 (38) 10 (8) 6 (5) 1) 
3 (11) .2 (D 2 (7) 0 (0) 





* The numbers in parentheses are per cent survival of those who had surgery. 


formed procedure (1,607/2,055). Internal drainage was the 
treatment of choice in 1,279 individuals while external 
drainage was done in 328 patients. There were 455 
instances in which gastrojejünostomies were used as a 
bypass procedure. The most common lesion requiring a 
palliative operation was carcinoma of the head of the 
pancreas. Approximately 60% of the procedures për- 
formed were done in individuals who had an unresectable 
lesion originating from. the head of the pancreas. 

The operative mortality for palliative surgery is shown 
in Table 9. The overall mortality for palliation was 21.6%. 
The lesions with the highest mortality were carcinoma 
of the terminal common bile duct (27:9%), carcinoma of 
the entire pancreas (26.4%), and carcinoma of the head 
of the pancreas (22.8%). Palliative procedures performed 
for carcinoma of the ampullary region had a mortality 
rate of 19.2% while lesions of the body of the tail had a 
10.4% mortality. Duodenal carcinoma had the lowest 
mortality (6.7%). 

Survival following palliative surgery is sliown i in Table 
10. Mean survival times after palliative surgery were 
all less than 1 year. The best survivals were seen in 
those patients who had surgery performed for car- 
cinoma of the ampulla, with a mean survival time of 
9.0 months. Carcinoma of the terminal common bile 
duct, head, body and tail and duodenum had mean 
survival times from 3 to 6 months. Those patients with a 


lesion that involved the entire pancreas had a very 
short mean survival time of 2.8 months. There was 
only an occasional survival beyond 1 year. 


Discussion 

The mánagement.of carcinoma of the pancreas in 
Japan has been previously reported by Yoshioka,!? 
and Maki and Sato.? However, in this study surgical 
therapy in 3, 610 patients. with pancreatic penamipullary 
and duodenal carcinoma is reviewed. The records were 
collected from 57 major Japanése ‘surgical institutions 
over à 26-year period extending from 1949 through 1974. 
Because of advarices in diagnosis, and therapy, the con- 
clusions of this study may not truly reflect the prognosis 
observed -after present day surgical management of 
thése malignancies. Nevertheless, the large number of 
cáses collected for this study provides information to 
substantiate the observation that the results of surgical 
treatment for carcinoma of the pancreas may differ 
according to the location and extent of the primary 
lesion. Thé management of pancreatic and periampullary 
carcinoma is controversial. Some surgeons oppose the 
more extensive pancreatic resections because of high 
operative mortality arid short postoperative survival. On 
the other hand, theré are others who prefer the more 
extensive procedure’ and have reported a lower opera- 


TABLE 8. Palliative Surgery for Pancreatic, Periampullary and Duodenal Carcinomas 


No. Ext. 


Lesicns Cases Drainage 
Carcinoma of head 1,303 217 
Carcinoma of body and tail 268 18 
Carcinoma of entire pancreas 220 32 
Carcinoma of ampulla 120 28 
Carcinoma of terminal common 
bile duct 129 3l 
Duodenal carcinorna 15 2 
Total 2,055 328 


Biliary Bypass 
Gastro- 


Int. jejun- 
Drainage Others ostomy Others 
931 3 255 56 
58 1 95 75 
131 3 57 27 
70 0 14 7 
83 0 16 8 
6 0 8 0 
1,279 7 


; 445 173 
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TABLE 9. Operative Mortality with Palliative Surgery for Pancreatic, 
Periampullary and Duodenal Carcinoma 





Mortality 
No. No. Rate (%) 
Lesions Operations Deaths* (Operative) 
Carcinoma of head 1,303 297 22.8 
Carcinoma of body 
and tail 268 28 10.4 
Carcinoma of entire 
pancreas 220 58 26.4 
Carcinoma of ampulla 120 23 19.2 
Carcinoma of terminal 
common bile duct 129 36 27.9 
Duodenal carcinoma 15 ] 6.7 
Total 2,055 443 21.6 


* Dead within one month postoperatively. 


tive mortality. In the present series, the operative mor- 
tality was 19.7% for total pancreatectomy and partial 
pancreatectomy, and 20.8% for pancreatoduodenectomy. 
However, with recent improvements in operative tech- 
niques and postoperative management, the operative 
mortality following extended pancreatic resections has 
decreased. During a 10-year period from 1965 through 
1974, the authors experienced no mortality for pan- 
creatoduodenectomy in 12 patients with carcinoma of the 
ampulla. The mortality in 13 cases of carcinoma of the 
head of the pancreas treated by pancreatoduodenectomy 
was 15%. In 8 patients with carcinoma of the terminal 
common bile duct the mortality was an unfortunate 
38%. The overall mortality was 15%. During the same 
time period the authors also performed 9 total pan- 
createctomies without an operative death. The authors 
also found that other surveyed institutions were also 
experiencing lower operative mortality. 

The frequent inability to resect carcinoma of the head 
of the pancreas appears to be due to the high incidence 
of tumor invasion into the portal vein. Attempts have 
been made to resect tumor even in the presence of 
portal vein involvement. Such extensive resections re- 
quire reconstruction of the portal vein as well as other 
adjacent vascular and ductal structures. This can be 
accomplished by the use of either vein and arterial 
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grafts, prosthetic grafts, or portorenal transposition. Re- 
cently, Fortner? incorporated many of these techniques 
into what he described as a "regional resection" for 
carcinomas of the pancreas which had extended beyond 
the pancreas. The present authors have also succeeded 
in an extensive pancreatic resection reconstructing the 
invaded portal vein by using a vinyl tube. Thirteen 
of the patients included in this paper were treated with 
extensive pancreatic and portal vein resections. Un- 
fortunately, the long term results in this group were 
also extremely poor. 

One of the most common postoperative complications 
encountered in pancreatic resections was the leakage of 
the pancreatojejunal anastomosis. Currently, some 
surgeons avoid creating a pancreatojejunostomy while 
others employ various types of intraductal splints or 
drains in order to provide adequate decompression. 
Others have also resorted to doing pancreatic-gastric 
anastomoses. In this series many of the surgeons, in- 
cluding the authors, performed pancreatojejunostomies 
in order to maintain the exocrine function and adequately 
drain the remnant of pancreas. 

Despite an overall poor prognosis following pancreatic 
resection there were a few 5-year survivals among those 
patients with lesions in the head of the pancreas and 
periampullary region and the intrapancreatic common 
bile duct. The authors have been able to make several 
observations about the prognosis of pancreatic and peri- 
ampullary malignancies in those patients personally 
treated. It has been found that the nodular type of 
ampullary carcinoma has a better prognosis than the ul- 
cerating type when treated by pancreatoduodenectomy. 
The prognosis with carcinoma of the terminal common 
bile duct is good when treated by pancreatoduo- 
denectomy. However, it is poor when the tumor has 
extended beyond the intrapancreatic portion of the duct. 
When the lesion is confined to the superior and anterior 
portions of the head of the pancreas and the patient 
has minimal jaundice, it appears that pancreatoduo- 
denectomy will yield a good result. Unfortunately, the 
procedure is of little benefit if the icterus index has a 
preoperative value greater than 100. Survivals in this 


TABLE 10. Survival Following Palliation for Pancreatic, Periampullary, and Duodenal Carcinoma 





0— 1 yr. 
Mean Dead or 1-3 yrs. 3—5 yrs. 5 yr$.— 
No. Operative Survival Alive Dead or Dead or Dead or 
Lesions Survivals Time (mos.) or Lost Alive Alive Alive 
Carcinoma of head 1,006 4.6 1,000 l 5 0 
Carcinoma of body and tail 240 3.1 240 0 0 0 
Carcinoma of entire pancreas 162 2.8 161 0 0 l 
Carcinoma of ampulla 97 9.0 95 2 0 0 
Carcinoma of terminal common 

bile duct 93 6.2 92 0 ] 0 
Duodenal carcinoma 14 4.0 14 0 0 0 
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situation have been no more than 20 months. When 
the tumor is located in the uncinate process, extensive 
resection is almost always impossible. Even when 
resectable, and the patient has no evidence of jaundice 
preoperatively, the prognosis is still poor. Recent ad- 
vances in postoperative management and better under- 
standing of the pathophysiology of total pancreatectomy 
have led to an increased use of this procedure as 
therapy for pancreatic carcinoma. When the authors 
added the patients from their personal experience to 
those surveyed in this series a group of 55 cases of 
total pancreatectomy were collected. Unfortunately, all 
of the patients had very advanced disease and the post- 
operative results were not encouraging. However, 
autopsy findings suggested that total pancreatectomy per- 
formed in patients in whom gross invasion of the peri- 
pancreatic tissues is not present could produce surgical 
cure. 


Conclusions 


Palliative procedures in the treatment of pancreatic 
carcinoma have usually been employed to alleviate ob- 
structive jaundice and intestinal obstruction. The 
amelioration of jaundice is usually performed by either 
external or internal drainage. The biliary diversionary 
procedures usually preferred are cholecystojejunostomy, 
choledochojejunostomy, external cholecystostomy, 
choledochoduodenostomy, and external drainage of the 
common bile duct by the insertion of a T-Tube. Biliary 
diversionary procedures were also used when a two 
stage pancreatoduodenectomy was planned. The 
choice in several institutions was an external drainage 
of the gall bladder or intrahepatic biliary tract decompres- 
sion by the percutaneous transhepatic route. This study 
showed that the operative mortality of palliative surgery 
was 21.6% and the postoperative survival periods were 
shorter than those of resection. For the alleviation of 
symptoms, palliative surgery may be of considerable 
value. Crile? and Quattlebaum!! advocate the treat- 
ment of carcinoma of the head of the pancreas by 
palliative means rather than pancreatectomy. However, 
others do not agree with this position and believe that 
even with palliative surgery there is a high postoperative 
mortality. In some patients, survival may be extended 
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by the use of an extended pancreatic resection. In 
general, however, palliative surgery in Japan as well as 
elsewhere appears to be acceptable as a course of manage- 
ment of obstructive jaundice and intestinal obstruction 
resulting from pancreatic, periampullary and duodenal 
carcinoma. 
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Hepatic Blood Flow Measurement 


A Comparison of the Indocyanine Green and Electromagnetic Techniques in 
Normal and Abnormal Flow States in the Dog 


MASAAKI TERANAKA, M.D., WORTHINGTON G. SCHENK, JR., M.D., F.A.C.S. 


Very few studies have compared the total hepatic blood flow using 
the Indocyanine green (ICG) method with the instantaneous 
electromagnetic flow method under ünsteady circulatory condi- 
tions. In this-study,-a hypotensive circulatory state was produced 
by rapid hemorrhage | in 14 dogs. Total. hepatic blood flow was 
measured using the ICG single injection method, comparing it 
with the electromagnetic. flow.. method. After confirming the 
validity of the ICG single injection method' in measuring total 
hepatic. blood .flow in the steady state, the experiment was 
then carried out using 23 normal healthy dogs. The close correla- 
tion between the ICG clearance technique and the electromagnetic 
values under normal steady state was confirmed. However, after 
hemorrhage the indirect ICG method estimated only 7196 of the 
simultaneous electromagnetic flow value. It is reasonable to as- 
sume-tliat.while the electromagnetic method continues to measure 
the actual total hepatic blood flow in both the steady and un- 
steady states, the ICG clearance method measures only the func- 
tional hepatic blood flow which is réduced ‘due. to shunting or 
impaired hepatocellular function in the R UEAN and ny potensie 
circulatory State. 


HE MOST COMMON Clinical method for measurement of 
T 'hepatic blood fiow is the Indocyanine green clear- 
ance.extraction method. Many studies have been carried 
out investigating the validity of this indirect method in 
the normal animal or. normal man under steady flow 
States, 911147 The determination of total hepatic flow by 
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this technique correlates well with direct methods in the 
normal animal. 1823 

However, there remains considerable doubt concerning 
the quantitative accuracy of this technique in unsteady 
circulatory states, commonly present in surgical patients, 
and there is need to investigate the validity of this method ` 
in the presence of an unsteady state. 

In this study, hepatic blood flow was measured simul- 
taneously by the electromagnetic technic and by clearance 
of a single injection of Indocyanine green in both normal 
and abnormal steady states in the dog, the latter being 
caused by exsanguination from 0.5—1.0% body weight. 


The Effect of Hemorrhage on the Plasma 
ICG Decay Curves 


Materials and Methods 


A pilot study was performed on 5 dogs to determine 
the effect of hemorrhage on both arterial and hepatic 
venous plasma ICG (Indocyanine green) concentration 
decay curves. After a single injection of ICG (0.5 
mg/kg), arterial and hepatic vein samples were taken 
every 30 seconds for the first 3 minutes and every 2 
minutes thereafter. The animals were then subjected to 
rapid hemorrhage of approximately 196 body weight with 
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~ (a) Before (b) 15min. After (c) 60min After 
20 min 5 13 17 l min, 5 11 17 min, 5 IN 17 
5 ER 0.222 0.184 0.120 ER — 0.366 0.395 0.345 ER 0.340 0.299 0.439 
10 


Fic. 1. Effect of hemor- 
rhage on Dye Concentra- 
tion Decay Curves; a) be- 
fore hemorrhage; b) 15 min 
after hemorrhage: c) 60 min 
after hemorrhage. 


Plasma ICG Concentration (mg/L 


HC T(%) 50 
BP(mmHg) 120 


ER: Extraction Ratio 
HCT: Hematocrit 


a drop in mean arterial blood pressure from 120 mmHg 
to 40 mmHg. Second and third ICG injections were given 
at 15 minutes and 60 minutes after hemorrhage and 
samples taken as described above. 


Results 


Representative paired dye concentration decay curves 
obtained are shown in Fig. |. This pilot study shows that 
even in the unsteady state following hemorrhage, the 
arterial and hepatic venous ICG decay curves are linear 
and essentially parallel in spite of great change in blood 
pressure (46 mmHg to 82 mmHg) as shown in the second 
graph in Fig. 1. The extration ratio 


' Arterial ICG concentration — Hepatic V. conc. ` 
Arterial ICG concentration 


changes little in this unsteady state. 


Discussion 


Previous indirect measurements of total hepatic blood 
flow using the BSP extraction method? indicated a need to 
achieve a steady state even n normal animals because of a 
slow decay curve, largely because of extrahepatic extrac- 
tion. However, since ICG is clearly almost completely 
by the liver,'" it is felt more suitable for this purpose. 
The exponential loss of ICG from the circulating plasma 
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following a single injection has already been observed by 
other investigators!*'? in normal steady states, but very 
few studies have been done in abnormal states. Rowell et 
al. in their study suggested that the ICG clearance rate 
remains constant with unsteady states associated with 
thermal and exercise stresses in man. The results of this 
pilot study indicate that the ICG extraction method may 
be applied in both the steady and unsteady state following 
rapid hemorrhage. 


Simultaneous Measurements of Total 
Hepatic Blood Flow 


Materials and Methods 


Twenty-three healthy adult mongrel dogs weighing 13.6 to 
25 kg were used in this experiment. All dogs were fasted for 
16-18 hours but allowed water prior to the experiments. 
Animals were anesthetized with pentobarbital sodium ad- 
ministered intravenously with an average dose of 30 mg/kg 
of body weight. After endotracheal intubation, respiration 
was maintained using a Harvard Respirator on room air. 


Cannulation Technique 


Polyethylene cannulas were introduced into the com- 
mon carotid artery, abdominal aorta via right femoral 
artery and superior vena cava via right jugular vein (Fig. 
2 is a schematic diagram of the experimental preparation). 
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a 





Hepatic a. fi 
¢ le 


a: Hepatic venous catheter 
b 

c | Nylon snares 
d 

1] Flow probes 


Fic. 2. Diagrammatic model of experimental preparation. 


N 


The carotid artery cannula was connected to a pressure 
transducer (Hewlett-Packard) for the measurement of 
arterial pressure. The superior vena cava was the site of 
dye injection. The abdominal aortic cannula was the 
sample site for the estimation of arterial plasma con- 
centration of ICG. This was also used for rapid ex- 
sanguination. As shown in Fig. 2, an hepatic vein was 
cannulated via the intrathoracic part of the inferior vena 
cava through a.seventh intercostal incision. The open 
ended polyethylene catheter had a side hole at its distal 
end and was curved to facilitate insertion via the inferior 
vena cava into an hepatic vein. The cannula was ad- 
vanced until its tip could be palpated from the liver 
surface, then retracted 5 to 7 mm from this wedged posi- 
tion. Continuous flow on gentle aspiration confirmed good 
positioning. The cannula was then fixed to both the IVC 
and the diaphragm with purse-string sutures before being 
brought out through the thoracic incision which was then 
closed. À slow (0.5 ml/min) saline infusion was used to 
keep it patent. All other catheters were flushed with 
normal saline when necessary to ensure patency. 

Direct Flow Measurements by Electromagnetic Flow- 
meters. Through a laparotomy incision, the hepatic artery 
and portal vein were isolated, preserving the hilar nerve 
plexus. The gastroduodenal artery was ligated. Suitable 
flow probes were placed around these vessels and con- 
nected to electromagnetic flowmeters (Carolina Medical 
Electronics). Nylon snares were passed around the 
hepatic artery and both portal vein branches distal to 
these probes to obtain ''zero'' reference by total occlu- 
sion. No accessory hepatic artery was found in any of 
the dogs used, but one dog had three major portal vein 
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branches requiring an extra occluder. Continuous flow 
measurements were made using a two channel square wave 
electromagnetic flowmeter and direct writing recorder. 
The ‘‘zero’’ readings were obtained at the end of each 
series of blood sample collections. Total hepatic blood 


- flow (THBF) was calculated as the sum of hepatic arterial 


flow (HAF) and portal vein flow (PVF) recorded 
simultaneously. 

Indirect Flow Measurement by a Single Injection 
Method of ICG. A single injection of 0.4 to 0.7 mg/kg 
of body weight of Indocyanine green (ICG) was made into 
the superior vena cava. After 5 minutes 7 sets of blood 
samples were collected at 2 minute intervals from the 
arterial and hepatic venous lines simultaneously and the 
dye concentration measured. 

Prior to each experiment, standard curves of ICG con- 
centration in plasma were constructed for each dye lot 
and these were found linear over the range of concentra- 
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c) THBFemf vs. THBFicg 
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Percent Change From Control 


Blood pressure 


HAF Hepatic arterial flow 

PVF Portal venous flow 

THBF: Total hepatic blood flow 

emf: measured by electromagnetic flow methad 
icg: obtained by Indocyanine green clearance 


extraction method 


Fic. 3. a) Changes in BP following 0.5-1.0% of body weight 
hemorrhage (Group B); b) Changes in THBF measured by electro- 
magnetic flowmeters; c) Comparison of EMF (dotted line) and ICG 
measurement (blocks) in controls (Group A); d) Comparison of EMF 
(solid line) and ICG measurement (blocks) in hemorrhage group (Group 
B). 
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TABLE 1. Comparison of THBF with ICG and EMF Given Simultaneously* 
IOS 

No. ICG EMF "a 
Study Paired - THBFicg 
(BW) No. Exp. BP Injection THBF THBF HAF PVF THBFemf 
T Ú Z Z aa dM A NN qd tdt tlt n 
Group A Ist 9 117.4 at 0 min 32.0 30.9 7.9 23.1 1.04 
(21.1 = 1.8) 2-152 sz 123 3151 * la + 9.6 + 0.14 
2nd 9 112.6 at 45 or 90 min 45,3 26.3 ps 18.7 0.96 
+ 16.7 + 9 = Ol * 23 w9 + 0.08 
Group B Ist 14 116.6 at 0 min S AA 33.3 8.6 24.7 0.98 
(19.1 + 2,8) *- 10,3 (before bleeding) + 8.3 tT7TJ 434 + 6.9 3.11 
2nd 137 85.9 at 45 min (15 min 14.0 19.0 5:5 13.4 0.74 
£178 after bleeding) + 4.8 + 4.9 + 2.3 + 4,3 + 0.22 
3rd 134 100.8 at 90 min (60 min 15.1 21.2 6.0 15.2 0.71 
+ 15.6 after bleeding) * i + 4.9 = 23 + 4.5 EM 





Abbreviations: ICG: Indocyanine green clearance-extraction method; EMF: Electromagnetic flow measurement; BW: Body weight in kg: 
BP: Blood pressure in mm Hg; THBF: Total hepatic blood flow; HAF: Hepatic arterial flow; PVF: Portal venous flow. The latter three are 


expressed in ml/kg of body weight/min. 


obtained by EMF. THBFemf 
* Standard deviation is shown below the mean value. 


TEBPANE « The mean of individual ratio of the THBF calculated by ICG method against the THBF 


tł One of the studies failed to show suitable dye curves (+), or a proper "zero" reading (+) for the THBF calculation. 


tion used for determination of each sample's plasma dye 
concentration. Prior to repeat dyeinjections samples were 
taken from both lines to establish a basal plasma dye 
concentration. Total hepatic blood flow (THBF) was 
calculated using the Fick principle. 

Two groups of dogs were studied. Group A (control) 
contained 9 dogs. The first simultaneous measurement of 
THBF was made as described above with the animal in a 
stable state, and a second measurement performed at 45 
min or 90 min later without hemorrhage. 

Group B (hemorrhage group) was made up of 14 dogs. 
After the first paired measurement of THBF, the dogs 
were bled 0.5-1.0% of body weight (average 0.9%) 
over 5 min. Fifteen min and 60 min after cessation of 
bleeding ICG was injected and paired measurements of 
THBF were then made (45 min and 90 min after the 
first study). 

A comparison was then made between the THBF cal- 
culated from ICG curves (THBFicg) and THBF esti- 
mated by the electromagnetic flowmeters (THBFemf) 
and statistical analysis (linear regression technique) 
methods. 


Results 


Figure 3 shows the results of changes in blood pres- 
sure (BP), hepatic arterial flow (HAF), portal venous flow 
(PVF) and total hepatic blood flow (THBF) between the 
control group A (dotted lines) and the experimental 
group B (solid lines) throughout the period of the experi- 
ment, and shown as a percentage change from control 
values. The intervals when simultaneous ICG measure- 


ments were made are shown as shaded areas. i.e. at 0—17 
min, 45—62 min and 90—107 min intervals. These areas 
represent the results obtained by ICG single injection 
method. 


Group A: (Control Group) 


The control group showed no significant change in BP 
or HAF. A slight decrease occurred in both PVF and 
THBF representing a 20% fall from the control flow 
values (Fig. 3). The correlation between THBF obtained 
from ICG method (THBFicg) and THBF measured by 
electromagnetic flowmeters (THBFemf) is apparent at 
0-17, 45-62 and 90-107 min intervals. The ratio of the 
"THBFicg'' against " THBFemf"" (THBFicg/THBFemf 
in Table 1) was 1.04 in the first run (0—17 min) and 0.96 
in the second run (45—62 min or 90— 107 min). Statistically 
there was no significant difference between these paired 
THBF values (r = 0.94) in either the first study or the 
second study (r = 0.97) as shown in Fig. 4. 


Group B 


The solid lines in Fig. 3 show the changes in BP, HAF, 
PVF and THBF following hemorrhage. The ICG method 
is shown to underestimate the THBFemf during these un- 
steady states following hemorrhage. The mean of in- 
dividual THBFicg/TH BFemf ratio was 0.98 before bleed- 
ing, 0.74 in the second study (15—32 min after bleeding) 
and 0.71 in the third study (60—77 min after bleeding). 
In Fig. 5 no significant difference existed between the 
paired THBF values estimated under normal states (r 
= 0.89) and 60-77 min after hemorrhage (r = 0.79), but 
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Fic. 4. Demonstrates good correlation between THBFicg and 
THBFemf in control Group A. The solid line shows the least squares 
regression line. The dotted line is the line of identity. “r° means 
the correlation coefficient. The regression equation is shown below "r^ 


significant difference was apparent (r = 0.46 in the study 
made 15-32 min after hemorrhage. 


Discussion 


Our experiment compares hepatic blood flow deter- 
mined by two different methods, the Indocyanine green 
clearance extraction method versus the electromagnetic 
flowmeter in both steady and unsteady states (induced by 
hemorrhagic shock). 

The preparation used was designed to resemble the 
clinical situation of trauma with acute blood loss 
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(thoracotomy and laparotomy with a single rapid hemor- 
rhage rather than a protracted additive one). Other 
workers*!? have used a modification of Wigger's tech- 
nique!* to assess hepatic blood flow with hemorrhagic 
shock and this requires maintenance of a desired level of 
hypotension by means of decrements or increments of 
blood loss. However, their techniques did not allow 
homeostatic responses to operate and thus less closely 
resemble the usual clinical situation. As shown in Fig. 
3, the amount of acute blood loss (Group B) ranged 
0.5 to 1.0% (mean 0.9%) of body weight. This was enough 
to cause blood pressure and total hepatic blood flow to 
fall below 50% of mean control values and to provide an 
unsteady state. The fall in hepatic arterial flow was less 
than portal venous flow, and it recovered more rapidly. 
With reference to other investigators reports on the 
responses of hepatic artery flow following hemorrhage.? 
this amount of rapid hemorrhage seems to be equivalent 
to 30-40% loss of the original blood volume. However, 
as Muller observed, even gradual and mild hemorrhage 
to 100 mm/Hg mean pressure caused portal venous flow 
to fall 52% and hepatic arterial flow to 61% of control 
values!” suggesting an interplay of homeostatic mecha- 
nisms. 

Electromagnetic flow measurements have a high degree 
of reproducibility (+2%) in carefully performed studies 
and a calibration accuracy of +5% on either excised 
or in situ vessels using timed external blood collections 
as the reference value. 

Electromagnetic flow techniques for measurement of 
liver blood flow have been demonstrated to have high 
reproducibility, not only in the normal but in abnormal 
states. However, this technique is invasive and usually 
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not applicable to patients in spite of its quantitative 
accuracy. On the other hand the ICG clearance tech- 
nique lends itself to easy and repeated use in the daily 
care of patients to gain useful information concerning 
hepatic perfusion. 

While many investigators have measured the total 
hepatic blood flow using the indocyanine green method 
with reproducible results!*'* and others have compared 
it with different clearance methods,!?5? very few workers 
have compared it with the instantaneous electromagnetic 
flow method. Also, most of the studies investigating the 
validity of the indirect total hepatic blood flow measure- 
ment have been carried out in normal steady states in 
animals and man.**?'!! 

Drapanas et al. carried out one of the few similar 
experiments? comparing the BSP clearance with the 
electromagnetic flow method simultaneously in normal 
steady states. The results of our control study in the nor- 
mal steady state using the ICG single injection method 
showed better correlation, probably because ICG is 
cleared solely by the liver whereas BSP has extra- 
hepatic extraction and its clearance is a summation of 
different organ clearances. The need to achieve a steady 
state for the BSP determination even in normal animals, 
and the fact that BSP clearance would be unreliable in 
unsteady states were highlighted by Drapanas et al. There 
is little doubt that the ICG single injection method is 
relatively simple and clinically applicable because it can 
be repeated with short intervals even in unsteady states. 
As Stekiel et al. suggested, the soundness of the 
clearance extraction principle and unique characteristics 
of ICG makes it a potentially useful tool for the study 
of total hepatic blood flow. 

We have shown the close correlation between the ICG 
clearance technique and the electromagnetic values 
under normal flow states. This also suggests that under 
normal flow states the two methods are measuring the 
same quantity. 

However, it is worthy of note that under the unsteady 
conditions following hemorrhage the ICG indirect flow 
measurement estimated only 7146 of the actual instantane- 
ous electromagnetic flow value. Since the electromagnetic 
flow measurements remain reproducible throughout the 
experiment, even in the unsteady hypotensive states, it is 
reasonable to assume that the discrepancy is due largely 
to the alterations in ICG clearance, possibly due to shunt- 
ing or impaired hepatocellular function. Hence, while the 
electromagnetic flow method continues to measure the 
actual total hepatic blood flow, it is possible that the ICG 
method measures the functional hepatic blood flow. This 
latter may be the more important value for the clinician. 
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Conclusions 


Total hepatic blood flow estimated by the ICG clear- 
ance method have been compared with simultaneous 
electromagnetic flowmeter measurements in normal dogs 
and those in unsteady states following hemorrhage. 
There was good correlation in the normal states, but 
using the EMG method as the standard, the ICG 
method underestimated the actual flow by about 30% 
following hemorrhage. 
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Toothpick Perforation of the Intestines 


JIM T. SCHWARTZ, M.D., DAVID Y. GRAHAM, M.D. 


Toothpicks have been used since antiquity as instruments for 


mouth cleansing and as eating utensils. Toothpick injury to the — 


gastrointestinal tract is often suspected only at the time of opera- 
tion because patients rarely relate a history of swallowing tooth- 
picks and most toothpicks are not radiopaque. The spectrum of 
toothpick injury to the gastrointestinal tract is illustrated by 5 
patients who developed toothpick perforation of the gastrointes- 
tinal tract. Two patients died as a result of complications of 
toothpick injury, one of these presenting with recurrent gram 
negative sepsis with multiple organisms due to a duodenal-in- 
ferior vena caval toothpick fistula. In two instances the toothpicks 
were removed at operation and one that was penetrating the 
duodenum was removed with a fiberoptic duodenoscope. 


T PRACTICE of daily mouth cleansing was not in- 
vented by modern man but has come down from 
antiquity. Refined foods, the modern toothbrush, and 
dental floss have all diminished man’s reliance on a 
wooden splinter for the practice of oral hygiene, but the 
toothpick’s place in history is secure. Toothpicks have 


been found in toilet sets discovered at Ur and dating from 


2500 B.C.! Many different materials have been fashioned 
into toothpicks including bone, ivory, bird and porcupine 
quills, bronze and precious metals, osprey beak, and the 
woods of many different trees.!? The modern, wooden 
toothpick offers advantages over other materials as it is 
gentle to the teeth, inexpensive, readily available, and 
disposable. 

The swallowing of a foreign body is not usually asso- 
ciated with any untoward effects, and most items pass 
uneventfully through the gastrointestinal tract. Unfor- 
tunately, intestinal perforation is prone to occur with 
toothpicks because both ends are sharply pointed and 
their length creates difficulty in transversing the tortuous 
gastrointestinal passages. Toothpicks used for their 
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primary purpose, mouth cleansing, are rarely swallowed. 
In most cases, the ingested toothpick has been used as an 
eating utensil or as a colorful decoration of food or 
drink.?4:9 The diagnosis of toothpick perforation of the 
gastrointestinal tract is rarely considered by either the 
patient or the physician as the patient does not relate the 
history of ingestion.? The radiologist is of little help in 
suggesting the diagnosis because the wooden toothpick 
is not radiopaque. 

Toothpick perforation of the gastrointestinal tract is 
infrequently reported, but the consequences are often 
serious. In the past 3 years we have observed 5 cases. In 
no instance was the diagnosis considered prior to opera- 
tion or death. The purpose of this paperis to report our ex- 
perience with toothpick perforations and to direct atten- 
tion towards this unusual and serious problem. 


Case Reports 


Case 1. A 51-year-old alcoholic Negro man was admitted to a local 
hospital in April, 1973, with complaints of cough, right sided chest 
pain, fever, chills, and epigastric cramping pain for two weeks. There 
was a diffuse infiltrate in the right lung; blood and sputum cultures 
grew Proteus mirabilis. Therapy with gentamicin, cephalothin, and 
steroids was begun, and he was transferred the Houston Veterans 
Administration Hospital (H.V.A.H.). Vital signs on admission were: 
temperature, 41°; pulse, 120/min; blood pressure, 130/70 mm Hg. He 
was confused, tachypneic, and icteric. The teeth were in good repair. 
Percussion and auscultation of the right chest revealed dullness and 
decreased breath sounds. The abdomen was distended and tympanitic 
but free of tenderness. 

Laboratory evaluation included: hematocrit 32%, WBC count 
24,300/cu mm with a left shift. Arterial blood gases were pH 7.58; Po, 48 
mm Hg; Pco, 20 mm Hg. The total serum bilirubin was 4.3 mg/dl, 
direct fraction 1.5 mg/dl. The alkaline phosphatase was 150 IU/ml, 
SGOT 98 mu/ml; SGPT 116 mu/ml; LDH 390 mu/ml. The prothrombin 
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time was 13 seconds (control 11.4 seconds). Sputum obtained by 
transtracheal aspiration grew Pseudomomas and Proteus mirabilis. 
Gentamicin and cephalothin were continued; bronchoscopy ex- 
cluded tracheobronchial obstruction. Blood cultures grew Klebsiella 
and gamma streptococci. The patient remained febrile and expired on 
the 4th hospital day. 

At postmortem examination, a fistula caused by a toothpick was 
found between the duodenum and inferior vena cava (Fig. 1). An in- 
fected thrombus was also noted on the surface of the inferior vena 
cava. There were multiple pulmonary emboli. 

Case 2. A 40-year-old Caucasian man was admitted to the H.V.A.H. 
in September, 1974, with a two week history of right upper quadrant 
abdominal pain and watery diarrhea for one week. Alcohol intake was 
a six-pack of beer daily. Vital signs were: pulse, 118/min: blood pres- 
sure, 140/80 mm Hg: temperature. 38.3°. The examination was normal 
except that the teeth were in poor repair and the abdomen was dis- 
tended with guarding and rebound tenderness. Laboratory evaluation 
included hematocrit 31% and WBC count 6.200/cu mm. The serum 
amylase, intravenous pyelogram and x-ray of the chest and abdomen 
were normal. 

Abdominal exploration revealed widespread peritonitis and a tooth- 
pick protruding through the sigmoid colon about IS cm above the 
peritoneal reflection. Resection of the perforated sigmoid colon and 
diverting colostomy were performed. The patient made an uncompli- 
cated recovery. 

Case 3. A 56-year-old Caucasian, alcoholic man entered H.V.A.H. 
in November, 1972, complaining of progressive dyspnea on exertion 
and anterior chest pains. He stated that he had been jaundiced for at 
least one year. Past medical history included rheumatic fever, myo- 
cardial infarction, congestive heart failure and mitral insufficiency. 

Vital signs were: Pulse, 120/min and irregularly irregular, blood 
pressure, 115/70 mm Hg and temperature, 37.57. He was jaundiced and 
in moderate respiratory distress. Ten teeth remained and were in 
poor repair. The jugular venous pressure was elevated: moist rales 
were heard in the lung bases. A S, gallop and a grade 3/6 murmur of 
mitral insufficiency were described. The abdomen was soft without 
tenderness. The liver edge extended 8 cm below the right costal margin. 
The spleen was not palpable and there was no ascites. Rectal examina- 
tion suggested a mass on the left. 

Laboratory data included hematocrit 41% and leukocyte count 8,300/ 
cu mm. The urinalysis was normal except for the presence of bilirubin. 
The stool was positive for occult blood. Arterial blood gases were 
pH 7.30, Po, 43 mm Hg. Pco, 32 mm Hg. The serum amylase was 43 
Somogyi units, the albumin 2.2 gm/dl. total protein 6.0 gm/dl. bilirubin 
21 mg/dl with 6.2 mg/dl in the direct fraction, alkaline phosphatase 120 
IU/ml, SGOT 85 mu/ml, SGPT 15 mu/ml. prothrombin time 14.4 
seconds (control 12.4 seconds). An EKG revealed atrial fibrillation 
with a rapid ventricular response. A chest roentgenogram showed 
consolidation of the right upper lobe and cardiac enlargement. A sputum 
culture revealed Pneumococci. Blood cultures were negative. 

Therapy with intravenous furosemide, digoxin, aqueous penicillin G, 
and oxygen was initiated. Signs of cardiac failure persisted and three 
days after admission the patient was noted to be lethargic. febrile. 
and confused. A liver-spleen scan was normal. There was a progressive 
rise in the serum creatinine and a prolongation of the prothrombin 
time. He expired 9 days after admission. At autopsy, a toothpick was 
found impacted near the rectosigmoid junction with bowel perfora- 
tion and localized pelvic abscess. Pulmonary infarcts and pneumonia 
were present in the right upper lobe. The liver revealed chronic passive 
congestion with centrilobular atrophy. 

Case 4. A 68-year-old Caucasian man was admitted to the H.V.A.H. 
in November. 1974, because of hemoptysis. fever. and chills for one 
week. He also complained of productive cough for 8 months and in- 
creasing shortness of breath. He denied the use of ethanol. 

The vital signs were: temperature, 37.7°. pulse, 88/min, blood pres- 
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Fic. |. Toothpick (arrow) in duodenum and penetrating into inferior 
vena cava. 


sure, 110/80 mm Hg. He was alert and oriented and wore dentures. 
The breath sounds were decreased over the left upper lobe and wheezing 
was noted. The abdomen was diffusely tender with marked rebound. No 
bowel sounds were heard. Laboratory data revealed: hematocrit 3547, 
WBC count 15,200/cu mm with a left shift; the urinalysis. serum 
amylase, albumin, bilirubin, and SGOT were normal. The serum 
alkaline phosphatase was 126 IU/ml. Gram stain of sputum obtained 
by transtracheal aspiration showed many polymorphonuclear cells but 
no bacteria. A chest x-ray revealed a mass lesion in the left upper 
lobe with associated infiltrate. The blood gases were pH 7.45. Po, 
40 mm Hg, Pco, 31 mm Hg. 

At exploratory laparotomy a toothpick was found lying free within the 
peritoneal cavity. There was mild peritonitis without abscess. The bowel 
was searched, but no site of perforation was discovered. Postopera- 
tive recovery was complicated by arrhythmias and pulmonary in- 
sufficiency. Later evaluation led to the diagnosis of squamous cell 
carcinoma of the left lung. 

Case 5. A 63-year-old alcoholic, Caucasian man was admitted to 
Ben Taub General Hospital in July, 1973, with complaints of painful 
dysphagia for two months, a 9 kg weight loss, and chronic, burning. 
epigastric and substernal pain. In 1963, he had a proximal gastrectomy 
for gastric ulcer disease. In 1966, he underwent a distal gastrectomy 
and gastroduodenostomy and a year later, a gastrojejunostomy. He 
admitted to drinking one pint of whiskey daily. 

Vital signs were: blood pressure, 80/60 mm Hg. pulse. 90/min, 
temperature 38.8° He was noted to be cachetic and edentulous. Chest 
and heart examination were normal. The abdomen was soft with mild 
epigastric tenderness. The liver was palpable 4 cm below the right costal 
margin. Laboratory data included: hematocrit 38%, WBC count 16.200/ 
cu mm with a left shift. The serum sodium was 128 mEq/L, K 3.6 mEq/l. 
Cl 87 mEq/L, and CO, 26 mEq/L. The blood sugar was 95 mg/dl and 
BUN 27 mg/dl. The serum alkaline phosphatase was 42 IU. SGOT 25 
mu/ml, and SGPT 12 mu/ml. A sputum culture grew D. pneumoniae and 
E. coli. Blood cultures drawn on the second hospital day grew Bac- 
teroides. 
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A chest x-ray showed old rib fractures and a right apical fibronodular 
infiltrate. A barium swallow revealed a sliding hiatal hernia, subtotal 
gastrectomy, and a persistent barium fleck in the distal esophagus. A 
colon x-ray was normal. 

Gastroscopy revealed esophagitis and a sharp angulation at the 
gastroesophageal junction but no obstruction was found. The gastric 
pouch was small and there were three openings into the small bowel. A 
toothpick was found in the duodenal loop protruding through the 
bowel wall. It was removed with the biopsy forceps. The patient was 
treated with antibiotics for 21 days and was discharged in good condition. 


Discussion 


The main complications associated with the presence of 
intestinal foreign bodies are obstruction, perforation, or 
bleeding. Most indigestable foreign bodies pass through 
the gastrointestinal tract without incident, although their 
progress may be temporarily arrested at areas of intestinal 
narrowing. Objects remaining in the stomach frequently 
remain asymptomatic whereas those whose progress is ar- 
rested in the esophagus or small intestine may cause 
symptoms of dysphagia or intestinal colic. Foreign ob- 
jects may be ingested either purposefully or accidentally. 
Most objects that are swallowed intentionally are ingested 
by small children, mentally deranged persons, or people 
attempting to avoid unpleasant situations. An example of 
the latter case is a recent patient from whom we endo- 
scopically removed a 10 cm straighted safety pin that he 
had swallowed in a successful attempt to convince Mexi- 
can authorities to release him from jail. 

The factors reported as predisposing to the accidental 
swallowing of foreign bodies include carelessness, rapid 
bolting of food, and decreased sensitivity of the palatal 
surface, i.e., dentures, ingestion of very cold liquids, or 
excessive ethanol use.**:? Alcoholism in 4 of our patients 
and the presence of dentures in one probably played a sig- 
nificant role in the accidental swallowing of the toothpick. 

Toothpick injury to the gastrointestinal tract is often 
associated with considerable morbidity and mortality. 
Two of our 5 patients died as a result of complications 
of toothpick injury: two required emergency surgery. In 
only one instance could surgery be avoided, but prolonged 
hospitalization was required. The varied clinical presenta- 
tion of toothpick intestinal injury includes generalized or 
localized peritonitis, intra-abdominal abscess, intestinal 
obstruction, or minor or massive hemorrhage.* There are 
no significant physical findings or laboratory studies 
which are of help in the diagnosis. Free air is rarely 
demonstrable on the abdominal roentgenographs. The 
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toothpick may penetrate into adjacent structures, and ini- 
tially, attention may be focused outside the gut as ina case 
of pyelonephritis caused by penetration of a toothpick.’ 
In rare instances, toothpicks have been noted to migrate 
to distant locations. They have been found in the pleura,* 
the leg!! and the heart.? 

The presence of an acute abdominal condition occurring 
in an alcoholic or a patient with dentures might suggest 
the diagnosis. However, in the majority of instances, a 
more common diagnosis would be correct. Mixed septi- 
cemia as in Case | might suggest a communication be- 
tween the gastrointestinal tract and an abdominal vessel.? 
Inreality, mixed septicemias are usually seen in leukemic 
patients or alcoholic patients with hepatic and gastro- 
intestinal diseases often associated with peritonitis.^ 

The diagnostic elusiveness of toothpick perforation un- 
doubtedly contributes significantly to the morbidity and 
mortality linked with this problem. It is difficult to 
conceptualize any practical way to make the diagnosis 
more apparent. Perhaps manufacturers could round off or 
blunt one end in an effort to ease passage through the 
intestine and reduce the incidence of perforation. 
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Every day, healthy people 
leave the hospital- 


carrying resistant staph. 
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Methicillin is a compound that acts through a 


mechanism similar to that of sodium oxacillin 
against penicillin G-resistant staphylococci. 
Strains of staphylococci resistant to methicillir 
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ETHIBOND 


POLYESI ER SUTURE 
has polybutilate 


ie first coating destened for surgery 


All coated sutures available until now have been coated with 
commercial lubricants. ETHIBOND suture, a braided polyester, is 
coated with polybutilate, also a polyester but developed specifically 
for surgical use. 

Since polyester coating has a natural affinity for polyester 
braid, a strong cohesive attraction forms — and minimum polybutilate 
is required for maximum lubrication. Each suture is uniformly coated 
according to size, virtually eliminating any possibility of the lubricant's 
flaking, shredding or beading. Thus, ETHIBOND suture exhibits less 
tissue reaction compared to sutures which tend to exfoliate their coating. 

With its minimum polybutilate coating, ETHIBOND suture 
has a soft, pliable hand — easy to tie and knot. It passes through tissue 
with an ease that can be compared to monofilament suture materials. It 
has high tensile strength, and retains its strength in vivo. 

ETHIBOND suture is available in a full range of sizes, in 
precut unthreaded sutures or swaged to Super-Smooth needles 
specifically designed for general surgery. 

The general surgeon will find ETHIBOND suture an excellent 
choice for skin closure, fascial closure, hernia repair and Cl 
anastomosis, affording ease of passage through tissue, minimal 
reactivity and patient comfort during suture removal. 


ETHICON 








COMPLETE PRODUCT INFORMATION 





ETHIBOND* 


POLYESTER SUTURE 
NONABSORBABLE 
SURGICAL SUTURE, U.S.P. 


DESCRIPTION 

ETHIBOND suture is nonabsorbable, braided, polyester 
(polyethylene terephthalate or MERSILENE* polyester) fiber 
uniformly coated with polybutilate, or poly [oxy-1, 
4-butanediyloxy (1,6-dioxo-1,6-hexanediyl)]. The highly adher- 
ent coating is a biologically inert, nonabsorbable compound 
which acts as a lubricant to mechanically improve the physi- 
cal properties of the uncoated suture by improving ease of 
passage through tissues and by providing overall improved han- 
dling qualities as contrasted to the braided, uncoated fiber. 


ETHIBOND sutures are sterile, inert, and elicit minimal tissue 
reaction. They are braided for optimal handling properties, 
and for good visibility in the surgical field the dyed sutures are 
colored with D&C Green No. 6. 


ACTIONS 

ETHIBOND sutures are strong, nonabsorbable sutures: sub- 
cutaneous tissue implantation in rats shows that no signific- 
ant change in the retention of tensile strength of the suture 
occurs during the entire evaluation period of 180 days. Both 
the polyester fiber suture material and the polybutilate coating 
are pharmacologically inactive. 


INDICATIONS 
ETHIBOND suture is intended for use as a nonabsorbable 
suture. 


CONTRAINDICATIONS 


None 


WARNINGS 
ETHIBOND polyester sutures have not been evaluated in 
ophthalmic surgery. 


Do not resterilize. 
PRECAUTIONS 
As with all sutures, acceptable surgical practice must be fol- 


lowed with respect to drainage and closure of infected 
wounds. 


Knot security requires the standard surgical technique of flat 
and square ties, with additional throws if indicated by surgical 
circumstance and the experience of the operator. 


Two-year carcinogenicity studies in Long-Evans rats demon- 
strated no carcinogenic potential. 


ADVERSE REACTIONS 

Slight erythema and/or induration at suture sites have been 
reported in approximately 2% of the patients in whom 
ETHIBOND sutures have been used, a not unexpected reaction. 


DOSAGE AND ADMINISTRATION 


Use as required per operation. 


HOW SUPPLIED 
ETHIBOND sutures are available sterile as green braided and 


undyed (white) strands in sizes 5 to 7/0 in a variety of lengths, 
with and without needles, in one and three dozen units. 


*Trademark 


ETHICON 





PRESERVE and PROTECT 
YOUR COPIES OF 
ANNALS of SURGERY 


Now, your journals can become a hand- 
some addition to your professional library. 


These file boxes are designed and cus- 
tom-made to keep your copies orderly, 
readily accessible and clean. 


Durable book-binder’s board covered 
with scuff-resistant, washable Leathertex. 
Lettering embossed in 23-Karat gold leaf. 


Jesse Jones Box Corp. (since 1843) 
Dep’t. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 

Reasonably priced, too. Only $4.95 ea. O 
3 for $14.000 6 for $24.00 O 

Add $1.00 postage per file for orders outside the U.S. 


[] Check enclosed (Make check payable to: 
Jesse Jones Box Corp., Box 5120, Phila., Pa. 
19141) 


a ffl] Me NEUEN E RC RUE EE NOMEA 
Address 
City/State/Zip 


Shipped postpaid U.S. only. Satisfaction unconditionally 
guaranteed or your money back. 
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4 ways fo induce 
a bowel movement 
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salines irritants bulks lubricants 
may be unpleasant may be too harsh inconvenient dosage and may lead to embarrassing 
tasting may cause bloating “leakage” 


a better way... 
Doxidan 


(each capsule contains 50 mg danthron N.F. and 60 mg diocty! calcium sulfosuccinate N.F.) 





laxative/stool softener 


* No unpleasant taste * Gentle, reliable evacuation in 8-12 hours, HOECHST-ROUSSEL 
e Convenient dosage although in some patients occasional PHARMACEUTICALS INCORPORATED 
* No embarrassing leakage = 


cramping may occur SOMERVILLE, NEW JERSEY 08876 


PRINTED IN U.S.A. 


CMT AG 


EDITION 11/75 
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An initial loading dose of 1to 2 Gm. 
of Keflin may be given regardless 
of the patient's renal status. 

Patients with impaired renal 
function should be placed on 
a reduced dosage schedule. 
Usual doses in such 
individuals may result 

in excessive serum 
concentrations. 


*Skin and soft-tissue infections, including 
peritonitis, caused by susceptible strains of 
Staphylococci (both penicillinase and 
nonpenicillinase-producing), group A 
beta-hemolytic streptococci, Escherichia 
coli, Proteus mirabilis, and Klebsiella 


mcg /ml 


Mean serum concentrations 


100 after |. V. administration of Keflin 


es iGm! 
aes 2? Gm. 


Data on file at 
Eli Lilly and Company 





15 30 45 60 90 120 
Time (Minutes) 


t Administered to six patients by rapid |. V. infusion. 
t Administered to ten patients over a thirty-minute period 



















In the immunosuppressed patient. 
usual clinical signs and symptoms 
of infection may be missing or 

not clear. Hence, diagnosis and 
initiation of proper therapy 
become most urgent 


Keflin may be administered 

IV. or I.P. in dosages as 
high as 12 Gm. per day 
(in life-threatening 
infections). 





Please see opposite page for 
summary of prescribing information 


In serious skin and soft-tissue infections * 


~ OFTEN USEFUL 
WHEN MOST NEEDED 


As you know, skin and soft-tissue infections * including 
peritonitis, may progress with alarming rapidity in patients 
with impaired host defenses...even to the point of becoming 
irreversible. Keflin can often be useful before the infection 
becomes irreversible...exactly when it is most needed. 

Eleven years after its introduction, Keflin continues to be 
effective against most strains of gram-positive and. gram- 
negative organisms commonly implicated in serious skin 
and soft-tissue infections* Therefore, when you suspect that 
the pathogen involved is one of the susceptible organisms 
for which the drug is indicated in skin and soft-tissue 
infections * you may begin therapy with Keflin even while 
results of susceptibility studies are pending...and thus save 
precious hours for the patient. Keflin may be administered 
to infants and to patients with reduced renal function. 

Keflin should be given cautiously to penicillin-sensitive 
patients. 

Itis contraindicated in persons who have shown hyper- 
sensitivity to cephalosporin antibiotics. 


* Skin and soft-tissue infections, including peritonitis. caused by susceptible strains 
of staphylococci (both penicillinase and nonpenicillinase-producing). group A 
beta-hemolytic streptococci. Esch. coli, Pr mirabilis; and Klebsiella 


E MO 
in 100-ml. ampoule 


cephalothin sodium 
Neutral 


for Injection 


tEquivalent to cephalothin 





Brief Summary. 

Consult the package literature for 
prescribing information. 

Indications: Keflin" (cephalothin sodium, 
Lilly). Neutral, for Injection. is indicated for the 
treatment of serious infections caused by 
susceptible strains of the designated micro- 
organisms in the diseases listed below 

Skin and soft-tissue infections, including 

peritonitis, caused by staphylococci (peni- 
cillinase and nonpenicillinase-producing), 
group A beta-hemolytic streptococc! 
Escherichia coli, Proteus mirabilis, and 
Klebsiella 
Bone and joint infections caused by 
staphylococci (penicillinase and 
nonpenicillinase- producing) 
Contraindication: Previous nypersensitivity 
to cephalosporins. 
Warnings: BEFORE CEPHALOTHIN 
THERAPY IS INSTITUTED. CAREFUL 
INQUIRY SHOULD BE MADE CONCERHN- 
ING PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEPHALOSPORINS AND 
PENICILLIN. CEPHALOSPORIN C 
DERIVATIVES SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES 

There is some evidence of partial cross 
allergenicity of the penicillins and the 
cephalosporins. Severe anaphylactoid 
reactions have been reported with both drugs 

Patients with allergy and hypersensitivity 
should receive antibiotics cautiously and 
only when necessary 

Usage in Pregnancy — Safety for use during 
pregnancy has not been established 
Precautions: Patients should be followed 
carefully to detect any side-effects or drug 
idiosyncrasy. If an allergic reaction occurs 
discontinue the drug and treat the patient with 
usual agents 

Although alteration in kidney function iS 
rare, evaluation of renal status Is recom- 
mended. Patients with impaired renal func- 
tion should be placed on a reduced dosage 
schedule to prevent excessive serum con 
centrations. Consult prescribing information 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A false- 
positive reaction for glucose in the urine has 
been observed with some tests but not with 
Tes-Tape" (urine sugar analysis paper, Lilly) 
Adverse Reactions: Maculopapular rash 
urticaria, pain, induration, tenderness, eleva- 
tion of temperature. reactions resembling 
serum sickness, anaphylaxis, eosinophilia 
drug fever, neutropenia, thrombocytopenia, 
hemolytic anemia. thrombophlebitis, transient 
rise in SGOT and alkaline phosphatase, rise 
in BUN, decreased creatinine clearance, and 
a positive direct Coombs test have been 
reported [111475S] 


Additional information available to the 


profession on request 


Eli Lillyand Company 
Indianapolis, Indiana 46206 
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Vistaril I.M. (hydroxyzine HCl). Ithelpsallay ^ significant depressant effects on respiratory or 
the excessive anxiety that can heighten the circulatory function and often reduces post- 
patient's perception of pain, and helps assure operative emesis. 
calm and cooperative patients. Vistaril I.M. [t is physically compatible with most 
also helps minimize secondary postoperative commonly used analgesics, and can be mixed 
complaints, and often relieves postoperative with them in the same syringe. 
confusion. Alone, or as an adjunct for use in the man- 

Vistaril I.M. may enhance the effect of agement of postoperative pain, the maximum 
injectable analgesics, such as meperidine, recommended dosage of Vistaril I.M. is 100 mg. 

While the analgesic dosage needed will usually 


|| be reduced, the actual dosage of Vistaril I.M. 
should be titrated against the individual patien 
clinical response. 

e iB 
* 
(hydroxyzine HCI) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. Pfizer LABORATORIES DIVISIO 
Vials and Isojects“ PFIZER INC 
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Please see Brief Summary on following page for contraindications, precautions and adverse reactions. 





Slaril LM. 


(hydroxyzine HCl) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. 
Vials and Isojects” 
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may enhance narcotic effect | 











| Offers proved antiemetic action 








Brief Summary 

VISTARIL® (hydroxyzine hydrochloride) Intramuscular Solution 

For Intramuscular Use Only 

Contraindications: Hypersensitivity to hydroxyzine. The solution ‘or 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, rat, and 
rabbit, induced fetal abnormalities in the rat at doses substantially above 
the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may potentiate the action of central ne: vous 
system depressants such as narcotics and barbiturates. In conjunctive 
use, dosage for these drugs should be decreased as much as 50%. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
for intramuscular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has been used. 
Hydroxyzine intramuscular solution should be injected well withir the 
body of a relatively large muscle. In adults, the preferred sites are the 
upper outer quadrant of the buttock (i.e., gluteus maximus), or the mid- 
lateral thigh. In children, preferably the mid-lateral muscle of the ‘high. 





In infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in order 
to minimize the possibility of damage to the sciatic nerve. The deltoid 
area should be used only if well developed, such as in certain adults and 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is usually transitory 
and may disappear in a few days of continued therapy or upon dosage 
reduction. Dryness of the mouth may occur with higher doses. Involun- 
tary motor activity, including rare instances of tremor and convulsions, 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (hydroxyzine HCl) Intramuscular Solution: 25 mg./ml.— 
10 ml. vial; 50 mg./ml.—2 ml. and 10 ml. vial; Isoject?, 25 mg./ml. and 
50 mg./ml., 1 ml. fill; 100 mg./2 ml., 2 ml. fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg./ml., 10 ml. vial) b 
VA Depot: NSN 6505-00-052-1367B (50 mg./ml., 10 ml. vial) 


More detailed professional information available on request. 


Pfizer 


LABORATORIES DIVISION 


PFIZER INC 


~..we shall fight on the seas and 
oceans...in the air...on the beaches... 


in the fields and in the streets, 
we shall fight in the hills...” 
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Dramamine ‘dimenhydrinate 


For the prevention and treatment of the nausea, 


Supposicones' vomiting or vertigo of motion sickness. 


Ampuls for I.M. and I.V. use e Su perpe WU vtm 
Visla for EM and £V. use Warning: Caution should be used when Dramamine is given in conjunction with certain 


Apes antibiotics which may cause ototoxicity, since Dramamine is capable of masking ototoxic 

Liquid symptoms and an irreversible state may be reached. 

Tablets Precautions and Adverse Reactions: Drowsiness may be experienced by some patients, 
especially on high dosage, although this action frequently is not undesirable in some con- 
ditions for which the drug is used. However, because of possible drowsiness patients taking 
Dramamine should be cautioned against operating automobiles or dangerous machinery. 
How Supplied: Scored yellow tablets of 50 mg. each; bottles of 100, 1.000 and 2,500 
packets of 12 tablets, and boxes of 10 cartons, each carton containing 100 unit-dose 
individually blister-sealed tablets. 


Liquid. 12.5 mg. of dimenhydrinate per 4 ml.; bottles of 16 oz. 

Supposicones* of 100 mg.; boxes of 12 and twelve boxes of 12. 

Ampuls, constricted, 1 ml. (50 mg.); cartons of 5, 25, and 100. 

Vials, rubber-capped, serum type, 5 ml. (250 mg.); cartons of 5, 25, and 100. 


SEARLE | Searle Laboratories — 


Dramamine’ 












GAS PAIN: 





It's nota real heart attack. 


But the limbic system—ana- 
tomical seat of the emotions 
—often can be fooled bya 
false alarm. Anormal EKG and an X-ray show- 
ing a distended stomach fundus eventually 
help pinpoint the real problem—G.l. gas and 
severe accompanying pain. 


Gas pain can mimic organic diseases 

Gas pain can produce “limbic heart attacks," 
"limbic gallbladder attacks" or "limbic carci- 
nomas." It can even, in the extreme case of a 
limbic heart attack, be so misleading as to re- 
sult in several days of hospitalization before a 
definitive diagnosis of gas pain is established. 


The vicious cycle of gas pain and fear 

To a patient with severe gas pain, especially 
wherethereis pre-existingorganic disease,an 
initial surge of fear is compounded when at- 
tempts to relieve the pain by deep breathing 
make the chest pain even more intense. This 
process can result in aerophagia, which 
causes more trapped gas, more pain, more 


Break the gas/pain/panic cycle 


PHAZYME 





Nor a real gallbladder attack. 





THE LIMBIC 
ALAR 





anxiety, and even the hyperventilation syn- 
drome. The next stepinthe cycleisfamiliarto 
every physician—a panic phone call froma 
frightened patient. 


Phazyme® can interrupt the 
gas/pain/panic cycle 

Phazyme, by rapidly dispersing gas in the G.I. 
tract, can interrupt the cycle of pain and fear 
at any point. 

Because the buildup of gas pain is normally 
slow and gradual, taking Phazyme at the first 
sign of gas will usually provide immediate re- 
lief before the pain becomes severe. The outer 
layer of each tablet delivers 20 mg. of specially- 
activated simethicone directly to the stomach 
for rapid dispersion of gas in the upper G.I. 
tract; a protected inner core then delivers 

40 mg. of specially-activated simethicone to 
relieve gas distress throughout the lower G.I. 
tract. The core also releases 240 mg. of pan- 
creatin directly to the small intestine to 
enhance normal digestion and help reduce 
formation of gas. 

No systemic side effects or untoward reactions 
have been reported. And Phazyme has no con- 
traindications other than known allergy to one 
of its ingredients. 





And when the aerophagia of chronic anxiety 

results in gas pain: 

PHAZYME®-PB Tablets € 

Containing % grain phenobarbital 

(Warning: may be habit forming.) 

Formula: The outer layer releases in the stomach: specially-activated 
simethicone 20 mg. and phenobarbital (WARNING: May be hab:t form- 
ing.) 15 mg. The enteric-coated core releases in the small intestine: 
pancreatin, 240 mg., and specially-activated simethicone 40 mg 
Contraindications: Sensitivity to barbiturates or known allergy to an 
ingredient. 

Phazyme is available in bottles of 50, 100, and 1,000 pink tablets. 
Phazyme-PB is available in bottles of 100 and 1,000 yellow tablets. 


Reed & Carnrick/Kenilworth, N.J. 07033 





Potent analgesics often do 
more than provide pain relief. 
And that can be a problem. 


A patient in severe pain needs a potent analgesic. 
But potent analgesics can also produce some extreme 
adverse effects. Such as respiratory depression, hypoten- 
sion, urinary retention and constipation. 

With Talwin the incidence of such effects is low.’ 

So by choosing Talwin, you can treat one problem 
(pain) and minimize the chances of the others. Which are 
two good reasons for choosing Talwin in a great majority 
of hospital situations calling for potent analgesia. 


In moderate to severe pain 


vm ALIWIN 


Brand of P 
pen [a70Cl ne (as lactate) 


Alternative 
to Opiates. 


*With Talwin, the commonly occurring reactions are nausea, dizziness, among others. 
Although rare, acute central nervous system manifestations have been reported. 











See important product information concerning warnings, adverse reactions, 
patient selection, and prescribing and precautionary recommendations on following page. 


Winthrop 


Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Ampuls: 30 mg. (1 mi), 45 mg. 
(1% mL), and 60 mg. (2ml.) 
Vials: (10 mi.) 30 mg./ml. 


30 mg. for I.V., I.M., or S.C. use 


45 mg. for I.M. or S.C. use 
60 mg. for I.M. or S.C. use - 





Indications: For the relief of moderate to severe 
pain. Talwin may also be used for preoperative 
or preanesthetic medication and as a supple- 
ment to surgical anesthesia. 

Contraindication: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care should 
be exercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should be 
closely supervised when long-term therapy is 
contemplated. There have been instances of psy- 
chological and physical dependence on Talwin 
in patients with such a history and, rarely, in pa- 
tients without such a history. Abrupt discontinu- 
ance following the extended use of parenteral 
Talwin has resulted in symptoms such as abdomi- 
nal cramps, elevated temperature, rhinorrhea, 
restlessness, anxiety, and lacrimation. Even when 
these occurred, discontinuance has been accom- 
plished with minimal difficulty. In the rare pa- 
tient in whom more than minor difficulty has been 
encountered, reinstitution of parenteral Talwin 
with gradual withdrawal has ameliorated the pa- 
tients symptoms. Substituting methadone or 
other narcotics for Talwin in the treatment of the 
Talwin abstinence syndrome should be avoided. 
in prescribing parenteral Talwin for chronic use, 
particularly if the drug is to be selt-administered, 
the physician should take precautions to avoid 
increases in dose and frequency of injection by the 
patient and to prevent the useof thedrug in antic- 
ipation of pain rather than for the reliet of pain. 
Just as With all medication, ihe oral form of 
Talwin is preferable for chronic administration. 
Head Injury and Increased Intracranial Pressure. 
The respiratory depressant effects of Talwin and 
its potential for elevating cerebrospinal fluid 
pressure may be markedly exaggerated in the 
presence of head injury, other intracranial le- 
sions, or a preexisting increase in intracranial 
pressure, Furthermore, Talwin can produce ef- 
fects which may obscure the clinical course of 
patients with head injuries. In such patients, 
Talwin must be used with extreme caution and 
only if its use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have not 
demonstrated teratogenic or embryotoxic ef- 
fects. However, Talwin should be administered 
to pregnant patients (other than labor) only 
when, ín the judgment of the physician, the po- 
tential benefits outweigh tne possible hazards. 
Patients receiving Talwin during labor have ex- 
perienced no adverse effects other than those 
that occur with commonly used analgesics. 
Talwin should be used with caution.in women 
delivering premature infants. 

Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually visual), 
disorientation, and confusion which have cleared 
spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients should be very closely observed and 
vita! signs checked, lf the drug is reinstituted it 
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should be done with caution since the acute 
CNS manifestations may recur. 

Usage in Children. Because clinical experience 
in children under twelve years of age is limited, 
the use of Talwin in this age group is not rec- 
ommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to op- 
erate machinery, drive cars, or unnecessarily ex- 
pose themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory de- 
pression should be considered in treatment of 
patients with bronchial asthma. Talwin should be 
administered only with caution and in low dos- 
age to patients with respiratory depression (8.g., 
from other medication, uremia, or severe intec- 
tion), severely limited respiratory reserve, ob- 
structive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function, Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver 
Cisease appears to predispose to greater side ef- 
fects (e.g., marked apprehension, anxiety, dizzi- 
ness, sleepiness) from the usual clinical dose, 
end may be the result of decreased metabolism 
of the drug by the liver. 

Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with myo- 
cardial infarction who have nausea or vomiting. 
Biliary Surgery. As with all strong analgesics, 


Talwin should be used with caution in patients : 


about to undergo surgery of the biliary tract since 
it may cause spasm of the sphincter of Oddi. 
Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
caily treatment of narcotic dependence, have 


experienced withdrawal symptoms after receiv- - 


ing Talwin. 


is administered to patients prone to seizures; 
seizures have occurred in a few such patients. 
in association with the use of Talwin although 
no cause and effect relationship has been „eS 
tablished. 


Tissue Damage at Injection Sites. Sagar 'scle- 
rosis of the skin, subcutaneous tissues, and un- 
derlying muscle have occurred at the injection 
sites of patients who have received multiple 
doses of pentazocine, as lactate. Constant rota- 
tion of injection sites is, therefore, recom- 
mended. In addition, animal studies have sug- 
gested that Talwin may be tolerated less well 
subcutaneously than intramuscularly. 


Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or light- 
headedness, vomiting, euphoria. 


Dermatologic Reactions. Soft tissue induration, 
nodules, and cutaneous depression can occur at 
injection sites. Ulceration (sloughing) and se- 
vere sclerosis of the skin and subcutaneous tis- 
sues (and, rarely, underlying muscle) have been 
reported after multiple doses. 


Infrequently occurring.reactions are—respiratory: 
respiratory depression, dyspnea, transient apnea 
in a small number of newborn infants whose 
mothers received Talwin during labor; cardio- 
vascular: circulatory depression, shock, hyper- 
tension; CNS effects: sedation, alteration of 
mood (nervousness, apprehension, depression, 
floating feeling), dreams; gastrointestinal: con- 
stipation, dry mouth; dermatologic including lo- 
cal: diaphoresis, sting on injection, flushed skin 
including plethora, dermatitis including pruritus; 
other: urinary retention, headache, paresthesia, 
alterations in rate or strength of uterine contrac- 
tions during labor. 
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Rarely reported reactions include — neuromqüs. 
cular and psychiatríc: muscle tremor, insomnia 
disorientation, hallucinations; gastrointestinal 
taste alteration, diarrhea and cramps; ophthaf. 
mic: blurred vision, nystagmus, diplopia, micsis 
hematologic: depression of white blood cells 
{especially granulocytes), which is usually re 
versible, moderate transient eosinophilia; other 
tachycardia, weakness or faintness, chills, aller. 
gic reactions including angioedema, edema o 
the face, vascular purpura, toxic epiderma 
necrolysis. 

See Acute CNS Manifestations and Drug Depen- 
dence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single par- 
enterzl dose is 30 mg. by intramuscular, subcuta- 
neous, or intravenous route, This may be 
repea:ed every 3 to 4 hours. Doses in excess o! 
30 ma. intravenously or 60 mg. intramuscularly 
or subcutaneously are not recommended. Tota 
daily dosage should not exceed 360 mg. Wher 
frequent daily injections are needed over a pro- 
intramuscular administration is 
preferable to subcutaneous. In addition, constan 
rotation of injection sites (e.g., the upper oute: 
quadrants of the buttocks, mid-lateral aspects o 
the thighs, and the deltoid areas) is recom. 
mended. 

Patients in Labor. A single, intramuscular 30 mg 
dose has been most commonly administered. Ar 
intravenous 20 mg. dose has given adequate 
pain relief to some patients in labor when con- 
tractions become regular, and this dose may be 
given two or three times at two- to three-hour 
intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years o! 
age is limited, the use of Talwin in this age 
group is not recommended, 

CAUTION. Talwin should not be mixed in the 


-same syringe with soluble barbiturates because 
- precipitation will occur. 


CNS Effect. Caution should be used when Talwin © Overdosage: Manifestations. Clinical experience 


with Talwin overdosage has been insufficient tc 
define the signs of this condition. 

Treatment, Oxygen, intravenous fluids, vasopres- 
sors, and other supportive measures should be 
emplcyed as indicated. Assisted or controllec 
ventilation should also be considered. Although 
nalorphine and levallorphan are not effective anti- 
dotes for respiratory depression due to overdos- 
age or unusual sensitivity to Talwin, parentera 
naloxone (Narcan®, available through Endo Lab- 
oratories) is a specific and effective antagonist 


Talwin is not subject to narcotic controls. 
How Supplied: Uni-Amp®—Individua/ unit dose 
ampu:s of 1 ml. (30 mg.) and 2 ml. (60 mg.) ir 
boxes of 25. 

Ampuls of 1 ml. (30 mg.) in (nested) boxes of 25 
Ampuls of 11^ mi. (45 mg.) in boxes of 10 and 100 
Ampuls of 2 ml. (60 mg.) in (nested) boxes of 25 
Each 1 ml. contains Talwin (brand of pentazo 
cine) as lactate equivalent to 30 mg. base an« 
2.8 mg. sodium chloride, in water for injection 
Multiple dose vials of 10 ml., each 1 ml. con. 
taining Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium 
bisulf te, 1.5 mg. sodium chloride, and 1 mg 
methylparaben as preservative, in water for in. 
jection. Boxes of 1. 

The pH of Talwin solutions is adjusted betweer 
4 and 5 with lactic acid and sodium hydroxide 
The zir in the ampuls and vials has been dis 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 
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Bile Salt Metabolism Following Jejunoileal 


Bile salt pool size and kinetics were evaluated in 8 morbidly obese 
women before and following jejunoileal bypass. The results indi- 
cate that following jejunoileal bypass pool sizes of both cheno- 
deoxycholate and cholate decrease, turnover rates increase, and 
the rates of bile salt synthesis increase. Influenced by pool size, 
hepatic synthesis and the degree of malabsorption, the daily bile 
salt loss may actually decrease in time. Chenodeoxycholate is 
more efficiently absorbed than cholate in both the preoperative 
and postoperative states. In spite of greater cholate synthetic 
capabilities, in this malabsorptive state the chenodeoxycholate 
pool decreases less than the cholate pool. Although all patients 
received an identical surgical procedure, the effect on bile salt 
kinetics and pool sizes varied in these patients. Since some of the 


postoperative complications may be related to the degree of 


interference with bile salt metabolism, the individual patient’s 

. capacity for increased hepatic synthesis of bile salts and in- 
creased reabsorption of bile salts from the remaining small bowel 
may vary the clinical postoperative course. 


HE ENTEROHEPATIC CIRCULATION (EHC) of bile salts 
T normally consists of a total pool size of 3 to 5 gm 
which cycles 6 to 10 times per day.?5 Less than 5% of the 
pool size is lost daily from the EHC, because of efficient 
intestinal reabsorption of bile salts. Bile salt reabsorption 
occurs by active transport from the terminal ileum and by 
passive absorption from the stomach (due to regurgita- 
tion) and from the entire length of the small bowel and 
colon. Active absorption accounts for approximately 85% 
of total bile salt reabsorption. 

Following jejunoileal bypass, only a small segment of 
distal ileum remains in continuity with the remaining 
jejunum. This drastic loss of ileum interferes with normal 
bile salt reabsorption. Consequently, an interrupted EHC 
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results in lipid malabsorption, steatorrhea, diarrhea, 
electrolyte loss and weight loss. 

The purpose of this study was to assess the effect of 
jejunoileal bypass on bile salt metabolism. 


Materials and Methods 


Bile salt metabolism was studied in 8 patients before 
and following a jejunoileal bypass procedure for morbid 
obesity. These patients were at least twice their ideal 
weight, which was of at least three years duration. All 
these patients had failed on a conservative weight reduc- 
tion therapy under the care of a physician and had no cor- 
rectable endocrinopathy which might have been re- 
sponsible for their obesity. 

As seen from Table 1, during a mean postoperative 
period of 9.2 months, the mean weight loss was 37.4 kg 
(82.3 Ibs). 

Surgical Procedure. Our technique for the jejunoileal 
bypass consisted of an end-to-end anastomosis of 35 cm 
proximal jejunum to 10 cm terminal ileum, and an end-to- 
side anastomosis of the excluded segment of small bowel 
to the cecum (Fig. 1). 

Bile Salt Kinetics Test. A gastroduodenal tube (Darvol 
Inc., Providence, R.I.) was positioned into the second 
part of the duodenum after a 12-hour fast. The position of 
the tube was checked by fluoroscopy. Bile fiow was stimu- 
lated by the intravenous injection of 1.0 Ivy Dog units 
cholecystokinin (Karolinska Institutet, Stockholm, 
Sweden) per kg of body weight during a 5-minute period. 
Duodenal aspirates were then sampled for a 10-minute 
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TABLE |. Physical Characteristics of Patients 


Postop 
Preop 
Time after 
Age Weight Surgery Weight 
Patient (yrs) (kg) (months) ikg) 
| 26 126 l 1 76 
2 34 112 8 80 
3 26 148 8 100 
4 33 145 9 97 
5 47 102 11 76 
6 27 119 10 85 
7 44 112 9 91 
14 80 
8 30 131 3 105 
80 
Mean 33.4 124.4 9.2 87.0 
S.D. 8.1 16.3 3.0 10.5 


period, and the samples which were the darkes: bile 
stained were used as best representing bile secretion. 
Care was taken to remove only a total of 5 ml of bile so as 
not to interrupt the EHC. Immediately after collection, 
the samples were heated to 65? and kept at that tempera- 
ture for 15 minutes, after which they were cooled and 
frozen at —20? until assayed. 

Preoperative bile samples were obtained 15 minutes be- 
fore and 3, 24, 48 and 72 hours after the injection of a *C- 
bile salt mixture; in the postoperative period, additional 
samples were also collected at 5 and 7 hours after '*C 
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injection. The '*C-bile salt mixture consisted of 10 wCi of 
sodium cholate-24-'*C and 10 wCi of sodium chenodeoxy- 
cholate-24-"*C, prepared sterile and non-pyrogenic (New 
England Nuclear Co., Boston, Mass.), and it was adminis- 
tered by slow intravenous injection. Early studies indi- 
cated that in most postoperative patients, the true ex- 
ponential loss of bile salts could only be determined within 
the initial seven hours. A typical exponential decay of 
HC-glycocholate and '*C-glycochenodeoxycholate is pre- 
sented in Fig. 2. The preoperative loss is linear for at least 
3 days. Postoperatively, however, a linear loss was only 
evident within the 3 to 7-hour period, and a second rate 
of loss occurred following this period. 

All samples were heated and agitated at 37° for 5 min- 
utes prior to application to thin layer chromatography 
(TLC) plates (Silica gel G, Quantum Industries, Fairfield, 
N.J.). After centrifugation at 5000 x g, 25 ul samples 
were applied to each of 4 prescored channels on activated 
plates. Standards for glycocholate, glycochenodeoxy- 
cholate, taurocholate, taurochenodeoxycholate, cholate 
and chenodeoxycholate were also applied to each plate. 
The plates were heated to 60° and were kept at that 
temperature for 15 minutes. After the plates cooled to 
room temperature, they were placed in a developing tank 
which had been allowed to equilibrate for one hour witha 
solvent system of iso-octane:isopropyl ether:glacial ace- 
tic acid:isopropyl alcohol::2:1:1:1.4 When the solvent 
front was | to 2 cm from the top edge, the plates were re- 
moved, placed horizontally, and the solvents were al- 
lowed to evaporate. The dried plates were sprayed with a 
10% phosphomolybdic acid-alcohol solution and heated at 
100° for 20 minutes to visualize the bile salt standard. 


Fic. 1. The jejunoileal by- 
pass procedure as per- 
formed by the authors. 
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The appropriate areas and adjacent strips (controls) were 
removed and dissolved into 2.5 ml 0.1M sodium pyro- 
phosphate, pH 10.8. After centrifugation at 3000 x g, 
two aliquots were removed for bile salt quantification by 
the 3a-hydroxysteroid dehydrogenase method of Turn- 
berg and Anthonv-Mote.'' In order to differentiate be- 
tween glycodeoxycholate and glycochenodeoxycholate, 
the 7a-hydroxysteroid dehydrogenase method was used 
to measure glycochenodeoxycholate.? 

Samples were also removed for ''C-bile salt estimations 
by liquid scintillation. An 0.2 ml aliquot was added to 10 
ml Insta-gel (Packard Instrument Co., Downers Grove, 
Ill.) and the samples were counted until the total counts 
were greater than 5000 cpm. Specific activities (dpm/ 
umole) were determined by external standardization. 

The logarithmic loss was determined by the slope of the 
decay line (gm/day). Pool size (gm) was determined by 
extrapolation to time zero. Half life (t*) was defined as the 
time (days) when 50% of the bile salt remained. Turnover 
rate (day ^!) or k was defined as the exponential measure 
of the reciprocal of t*. The rate of loss was defined as the 
product of k and pool size; when the bile salt pool size 
exists in a steady state, the rate of loss is equal to the 
rate of synthesis.? 

Fecal ''C-bile salt loss was also determined. Forty-eight 
hour stool collections were obtained during the study, 
homogenized and sampled for estimation by the flask oxy- 
gen combustion method (Packard Model 305 Oxidizer, 
Packard Instruments Co., Downers Grove, Ill.) and liquid 
scintillation. 

All comparisons were evaluated statistically by the 
Wilcoxon test for paired data.'? The association or cor- 
relation of data was performed by a Pearson product- 
moment correlation." 


Results 


Postoperatively the mean glycocholic acid (GC) pool 
size decreased by 60% (P — 0.01) from 1.38 to 0.54 gm 
(Table 2). The mean turnover rate increased approxi- 
mately seven-fold (P — 0.01) and the mean rate of loss 
almost tripled (P < 0.01) postoperatively. 

Postoperatively, the mean glycochenodeoxycholic acid 
(GCDC) pool size decreased by 47% (P < 0.01) from 
0.90 to 0.42 gm (Table 3). The mean turnover rate in- 
creased five-fold (P < 0.01) and the mean rate of loss 
doubled (P < 0.05). In Patient 7, there was a decreased 
rate of loss with a concomitant, severe depression of 
GCDC pool size. 

Two of the patients were evaluated twice postopera- 
tively. In Patient 7, the rate of GC and GCDC loss de- 
creased with time (9 to 14 months), as did the respective 
pool sizes; simultaneously, there was a further increase 
in the turnover rates. An increased turnover rate also oc- 


BILE SALT METABOLISM 


69 


200 


SPECIFIC ACTIVITIES dpm x 1/07 mole 


O.I 


HOURS 


Fic. 2. Exponential decay curves of "C-glycocholate and '*C-glyco- 
chenodeoxycholate in a typical patient. @ @ preop 'C-glyco- 





cholate; O---' postop ''C-glycocholate: W —— li preop 
"C-glycochenodeoxycholate; O - - - O postop ''C-glycochenodeoxy- 
cholate. 


curred in Patient 8, who was evaluated at 3 and 9 months. 
Although the GC rate of loss was unchanged. the GC pool 
size decreased. The GCDC pool size. however, increased 
slightly with an increased rate of loss. 

The degree of association or covariance of the paired 
turnovers (k) of GC and GCDC was measured by the Pear- 
son product-moment correlation coefficient (r). A statisti- 
cally significant (P — 0.01) correlation existed (r = 0.8460) 
in the preoperative state with kj; (abscissa) and Ki;cpc 
(ordinate); the slope of the major axis (bj) was 0.7410 
and the minor axis (b) was —1.3495. The postoperative 
correlation (r = 0.7023) was also statistically significant 
(P < 0.02); the slope of b, was 0.4290 and b, was —2.3310. 
Statistical analysis of the matched pairs of the change in k 
demonstrated a significant difference (P — 0.05). 

Preoperative 48-hour stool collections after 'C-ad- 
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TABLE 2. Glycocholic Acid Kinetics 





Preop 
Turnover 
Pool Size Rate (k) Loss/day 

Patient (gm) per day (gm) 

1 1.5 1.19 1.8 

2 1.0 2.14 2.1 

3 1.3 0.55 0.7 

4 2.0 0.33 0.7 

5 1.2 0.89 0.5 

6 1.6 0.89 LA 

7 I2 0.45 0.5 

8 L2 0.36 0.4 
Mean 1.33 0.85 0.97 
S.D. 0.32 0.60 0.64 
S.E.M. 0.11 0.21 0.23 


Postop 
Turnover Time after 
Pool Size Rate (k) Loss/day Bypass 
(gm) per day (gm) (mon) 
1.0 $27 3.6 I] 
1.0 4.28 5.2 8 
0.9 1.23 1.2 8 
0.6 2.70 1.7 9 
0.4 16.73 6.7 li 
1.0 5.95 5.9 10 
0.2 5:25 0.9 9 
0.05 10.70 0.5 14 
0.3 3.57 1.0 3 
0.2 4.65 1.0 9 
0.56 5.87 2.77 9.2 
0.38 4.57 2.36 2.8 
0.12 1.44 0.75 | 0.9 





ministration demonstrated a mean 18% loss. The post- 
operative mean loss was 54%. 


Discussion 


Following jejunoileal bypass for morbid obesity, there 
was a significant reduction in the mean cholate pool size 
(60%) and in the mean chenodeoxycholate pool size (47%); 
the turnover rates significantly increased in all patients 
both for GC (577%) and GCDC (452%); and the mean 


rate of bile salt loss also increased significantly for both 
GC (185%) and GCDC (105%). Since the rate of loss was 
determined from the initial exponential decay curve (Fig. 
2), which was linear from 3 to 7 hours, the rate of loss is 
also a good estimate of hepatic synthesis. The exponen- 
tial decay which occurred later was not linear in several 
patients. This decay reflected a non-homogeneous distri- 
bution of the “C-bile salts in the EHC, which would 
occur from the differential absorption of stimulated or 


TABLE 3. Glycochenodeoxycholic Acid Kinetics 





Preop Postop 
Turnover Turnover Time after 
Pool Size Rate (k) Loss/day Pool Size Rate (k) Loss/day Bypass 
Patient (gm) per day (gm) (gm) per day (gm) (mon) 
1 1.0 0.59 0.6 0.8 1.78 1.4 lI 
2 0.7 1.94 1.4 0.7 4.28 3.0 8 
3 1.3 0.38 0.5 0.8 1.53 1.2 8 
4 1.1 0.55 0.6 0.3 4.33 1.3 9 
5 0.5 0.60 0.2 0.3 6.69 2.0 11 
6 1.0 0.29 0.3 0.5 1.13 0.5 10 
7 0.8 0.67 0.6 0.1 3.06 0.3 9 
0.02 10.00 0.2 14 
8 0.8 0.38 03 0.3 1.81 0.6 3 
0.4 2.39 1.0 9 
Mean 0.90 0.67 0.56 0.42 3.70 1.15 9.2 
S.D. 0.25 0.53 0.37 0.27 2.79 0.86 2.8 
S.E.M. 0.09 0.19 0.13 0.09 0.88 0.27 0.9 
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non-stimulated bile secretion and from intermittent bile 
salt synthesis, resulting in a sporadic dilution of the tag. 

Our results indicate that GC metabolism was altered 
more than GCDC metabolism following jejunoileal by- 
pass. The preoperative mean GC pool size of 1.38 g de- 
creased to 0.56 g. whereas the mean GCDC pool size of 
0.90 g only decreased to 0.42 g. This occurred in spite of 
an increased hepatic synthesis of GC (0.97 g/day to 2.77 
g/day, a 185% increase). The postoperative hepatic 
synthesis of GCDC, however, increased only by 105% 
(0.56 g/day to 1.15 g/day). Although the k of GC and of 
GCDC correlated in both the pre- and in the postoperative 
groups, the quantitative effects of jejunoileal bypass on 
GC and GCDC turnover rates were again somewhat dif- 
ferent. The postoperative increase in the turnover of GC 
was more than the increase in GCDC; the slope of the 
major axis of the bivariate correlation of GC on the 
abscissa and of GCDC on the ordinate became less 
(0.7410 to 0.4290) following jejunoileal bypass. The post- 
operative k of GC increased by 577%, whereas the k of 
GCDC increased by 452%. This suggests a difference in 
the adaptive capabilities of these patients for reabsorp- 
tion and synthesis of bile salts following jejunoileal by- 
pass. Chenodeoxycholate was more efficiently reab- 
sorbed than cholate in both the pre- and postoperative 
states, since the turnover rates of GCDC were less than 
that of GC in both groups. Schiff et al. demonstrated 
this difference in absorption in the rat.!'? Cholate synthe- 
sis was greater than that of chenodeoxycholate synthe- 
sis both pre- and postoperatively. 

Postoperatively, one patient (Patient 2) maintained the 
preoperative pool sizes of both bile salts. This suggests 
that this patient had adapted sufficiently with an increased 
hepatic synthesis, and, possibly, by an improvement of 
the reabsorptive capability of the remaining small intes- 
tine. This patient was also unique in the preoperative 
period by having the fastest turnover rate and the greatest 
hepatic synthesis. 

Two of the patients (Patients 7 and 8) were evaluated 
twice during the postoperative period. Approximately 5 
to 6 months after the first postoperative study, the turn- 
over rates increased even more for both bile salts. In one 
patient (Patient 7), not only did the pool size of GC and 
GCDC become further depressed, but the synthetic 
capability decreased. This phenomenon was also detected 
in the initial. postoperative evaluation. Because the 
jejunoileal bypass procedure results in a malabsorptive 
condition leading to rapid weight loss, a deficiency of 
nutrients may limit hepatic synthesis. Patient 8 demon- 
strated some improvement of hepatic metabolism. 
Although her GC pool size became more depressed, the 
GCDC pool size increased slightly. While hepatic synthe- 
sis of GC was unchanged, the synthesis of GCDC im- 
proved. These variable results suggest that jejunoileal 
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bypass affects bile salt metabolism with varying severity 
and that some improvement may occur in time. 

The mean preoperative fecal "C loss was 15 to 21% of 
the administered dose per48 hours. Following jejunoileos- 
tomy, fecal loss increased from 22 to 93% per 48 hours. 
This variability in the postoperative bile salt loss reflects 
the varying capability of the liver to synthesize adequate 
amounts of bile salts to maintain pool size. There may bea 
primary exhaustion of hepatic synthesis and secretory 
function from an alteration of intracellular metabolism, or, 
there may be an interference with the negative feedback 
mechanism, since the relative proportion and the glycine- 
taurine conjugation ratios of these bile salts have been 
altered postoperatively.'® Interruption of the EHC has 
been shown to decrease the bile salt secretory rate.’ 

The consequence of an interrupted enterohepatic 
circulation of bile salts may be related to several clinical 
complications occurring in these patients. These may be 
divided into those which are the result of an initial exces- 
sive loss of bile salt and those which are the result of a 
later diminished loss of bile salt. 

Excessive colonic loss of bile salts secondary to de- 
creased ileal absorption will result in an increased water 
secretion and decreased water reabsorption in the colon. 
Not only will diarrhea be a consequence, but sodium, 
potassium and bicarbonate will also be excreted in exces- 
sive amounts.^^ In our series of over 100 patients with 
jejunoileal bypass, several patients had severe serum elec- 
trolyte imbalance and required revision of the bypass. 

Where there is excessive bile salt malabsorption to- 
gether with an increased colonic bacterial hydroxylase 
activity, the secondary bile salts (deoxycholate and 
lithocholate) are formed in excessive quantities. It has 
been suggested that increased absorption of lithocholate 
may be associated with hepatic dysfunction.? Although 
the etiology of increased hepatic fatty infiltration and 
dysfunction is not clear, lithocholate toxicity may be an 
important etiologic factor. 

A severely diminished bile salt pool size will interfere 
with efficient micellar formation. Without sufficient 
micelles, lipids are malabsorbed with a consequent 
steatorrhea. Secondary to this, the fat-soluble vitamins 
(A, D, E and K) are poorlv absorbed. Lipid malabsorption 
has also been suggested as a cause of diarrhea. Hydroxy 
fatty acids which are formed in the colon by bacterial ac- 
tion on unabsorbed, unsaturated fatty acids may stimulate 
colonic secretion. Our previous data suggest that al- 
though free fatty acids are malabsorbed, fecal bile 
salt loss correlates better with diarrhea production than 
free fatty acid loss." The incidence of cholelithiasis is 
increased following bypass. Although a reduced bile salt 
pool may result in lithogenic bile, our results suggest that 
an alteration in the glycine-taurine conjugation ratio may 
be more important in the production of a lithogenic bile.'® 
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The degree of interruption of the enterohepatic circula- 
tion of bile salts following jejunoileal bypass varied in this 
patient group. The long-term effects of jejunoileal bypass 
on bile salt metabolism and the associated complications 
are dependent on the individual patient’s capability for 
increased hepatic synthesis of bile salts and on the 
adaptability of the remaining small bowel for increased 
reabsorption of bile salts. 
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Association of a Circulating Immunosuppressive Polypeptide 
with Operative and Accidental Trauma 


MARK B. CONSTANTIAN, M.D.,* 


The serum from 109 traumatized patients was examined for 
immunosuppressive activity which might explain diminished host 
immune responsiveness following operative or accidental injury. 
Twenty-eight of 31 (90%) severely traumatized patients, 25 of 60 
(42%) moderately traumatized patients, and 0 of 18 minimally 
traumatized patients developed serum which suppressed the re- 
sponse of normal human lymphocytes to phytohemagglutinin. 
The degree and duration of serum immunosuppressive activity 
paralleled the severity of the clinical course but did not correlate 
with serum cortisol or barbiturate levels. Suppressive sera were 
not cytotoxic. The immunosuppressive factor(s) was contained in 
a low molecular weight (<10,000 daltons) peptide fraction and 
was present in 5—10 times the amount recoverable from normal 
serum. By size and activity the trauma serum factor resembled 
immunoregulatory alpha globulin, a naturally-occurring serum 
inhibitor of T-lymphocyte reactions. Thus, depressed immuno- 
reactivity following trauma may be due in part to high concentra- 
tions of an endogenous immunosuppressive polypeptide. 


HERE is considerable clinical and experimental evi- 

dence that operative and accidental trauma decrease 
host immune responsiveness. The basis for such impair- 
ment, however, is not established. Previous studies which 
demonstrate transient depression of serum immunoglobu- 
lin or complement levels following thermal burns?:!9?:1?-39 
and surgery?5 do not account for the magnitude and dura- 
tion of post-traumatic immunosuppression and fail to ex- 
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plain the profound impairment of cellular immunity under 
these circumstances. Susceptibility to bacterial, viral, 
and mycotic infection greatly increases following thermal 
injury! and surgery. !*445 Similarly, skin allograft'* and 
xenograft?” survival are prolonged, the incidence of ex- 
perimental tumor metastasis increases??? and normal 
reactivity to skin test antigens decreases or disappears.°”* 
Further, macrophage**® and lymphocyte?*^* function are 
temporarily depressed following trauma; function re- 
covers, however, if the cells are tested in normal serum, 
suggesting that their hyporeactivity may have resulted 
from cell coating by a serum component. 

For a number of years our laboratories have been in- 
volved in the purification and characterization of a 
naturally-occurring immunosuppressive material in hu- 
man serum, designated immunoregulatory alpha globulin 
(IRA). IRA was originally recovered as a protein subfrac- 
tion from alpha globulin-rich Cohn Fraction IV,” but 
was later demonstrated to be a low molecular weight pep- 
tide(s) associated with, or carried by, the alpha globu- 
lins.?^ IRA inhibits a wide variety of T-lymphocyte- 
mediated immunologic reactions, including the rejection 
of skin? and whole organ allografts?* and transplantable 
tumors,? and the stimulation of peripheral blood lympho- 
cytes by thymus-dependent antigens and by phytohemag- 
glutinin.*??* Further, IRA decreases phagocytosis’! and 
resistance to experimental bacterial infection.'* Such 
data, and the observation by Viet and Michael** and 
others?253947 that IRA-like activity in the serum is in- 
creased during immune stimulation involving T-lympho- 
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TABLE l. Patients Studied 








No. Patients Source of Trauma Age 
Class I* 
| Repair urethral diverticulum 32 
2 Cystoscopy 50, 67 
2 Dilatation and curettage rA POE i 
2 Uncomplicated vaginal delivery 23. 35 
2 Closed fracture 16, 19 
2 Minor penetrating chest trauma 27, 38 
3 Mild blunt abdominal trauma 33-49 
2 Minor penetrating abdominal trauma 30, 32 
2 Minor blunt head trauma 16, 35 
Class II 
29 Coronary artery bypass 40-63 
2 Major blunt chest trauma 16. 30 
4 Excision abdominal aortic aneurysm 27-60 
3 Cardiac valve replacement 34-6] 
l Subtotal colectomy (ulcerative colitis) 40 
3 Pulmonary lobectomy (actinomycosis, 
empyema, pulmonary abscess) SE 56 
| Esophageal bypass (stricture) 50 
3 Transurethral resection of prostate 
(benign hypertrophy) 68— 77 
l Splenectomy 50 
l Division of small bowel adhesions 33 
l Hemigastrectomy 55 
| Right hepatic lobectomy (trauma) 24 
3 Peripheral vascular surgery 35—65 
] Cystopexy 56 
2 Perforated duodenal ulcer 32, 40 
2 Craniotomy (chronic subdural hematoma) 35, 65 
l Incarcerated inguinal hernia 76 
3 Thermal burn 35—50 
Class HI 
7 Coronary artery bypass 45—65 
2 Acute hemorrhagic pancreatitis 42. 66 
| Ruptured abdominal aortic aneurysm 60 
| Acute appendicitis with perforation 60 
4 Excision abdominal aortic aneurysm 40— 83 
l Multiple skull fractures 50 
l Pancreatic pseudocyst 66 
3 Perforated duodenal ulcer 67-75 
| Chronic subdural hematoma 86 
| Mallory-Weiss syndrome 54 
9 Thermal burn 3—48 





* Class I patients underwent minor trauma; Class II patients under- 
went major trauma; Class III patients underwent major trauma with 
life-threatening complications. 


cytes suggested that IRA may function as a regulator of 
T-cell-mediated immunity. Overactivity of the normal 
feedback mechanism with excessive production of IRA 
might account for impaired post-traumatic cellular im- 
munity and should be reflected by the appearance of 
immunosuppressive serum and high concentrations of 
circulating IRA-like polypeptide following injury. 

In the present study we have observed that the serum 
of operatively or accidentally traumatized patients is im- 
munosuppressive but not cytotoxic. This immunosup- 
pressive activity appears to be due in part to the presence 
of abnormally large amounts of a low molecular weight 
serum peptide which resembles IRA-peptide in its in vitro 
activity. 
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Methods 
Serum collection 


Three hundred forty-seven serial blood samples were 
drawn from 109 patients before and subsequent to varying 
degrees of operative or accidental trauma. Informed con- 
sent was obtained from each donor. Control sera were 
obtained from healthy medical school personnel. In addi- 
tion, preoperative samples were taken from 15 patients 
prior to elective surgery; hence, the patient served as his 
own control. Since some inhalation anesthetics may be 
immunosuppressive*?!? controls were included for this 
variable. 

Blood samples were allowed to clot, and then centri- 
fuged at 400 x g for 10 minutes. The serum was pipetted 
into sterile, untreated glass tubes and stored at —4°. Im- 
munosuppressive activity was tested at a concentration of 
10% as described below. 


Patients Studied 


Patients were selected to provide a wide range of 
diseases or injuries (Table 1). No patients known to have 
malignant neoplasms were included. Patients were di- 
vided according to the severity of trauma: Class I, minor 
trauma; Class II, major trauma with an uncomplicated 
clinical course; Class III, major trauma with life-threaten- 
ing complications. 


Serum Fractionation 


Fractionation was carried out by diethylaminoethyl 
(DEAE) cellulose column chromatography as described 
recently”? using gradient and stepwise elution with in- 
creasing ionic strength acetate buffers at pH 5. The result- 
ing 6 protein peaks were individually desalted by gel filtra- 
tion on G-25 Sephadex and tested for immunosuppres- 
sive activity as outlined below in doses of 0.75—6 mg/ml 
of medium. The peptide fraction was obtained by acidifi- 
cation of the first DEAE protein peak and ultrafiltration 
with a membrane which retained species of molecular 
weight greater than 10,000 daltons.?? The peptide fraction 
passing through the filter was lyophilized and tested for 
immunosuppressive activity in doses of 0.03 to 0.6 mg/ml 
of medium. 


Determination of Immunosuppressive Activity 


Immunosuppressive activity was defined as 50% or 
greater inhibition of the uptake of tritiated thymidine by 
phytohemagglutinin (PHA)-stimulated normal human 
lymphocytes, using a tissue culture method described 
earlier.? Test serum or serum fractions were added to 
culture medium simultaneous with PHA. Per cent sup- 
pression was calculated from the ratio of radioactivity 
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TABLE 2. Suppression of PHA-stimulation of Normal Human 
Lymphocytes by Trauma Serum 
j 


Patient Class 


No. No. Suppressive % Suppressive 
I 18 0 0% 
H 60 25 42% 
HI 31 28 90% 
54% 


Total II + III 9] 53 


(counts per minute, cpm) in tubes containing test serum 


to tubes containing a 10% concentration of homologous 


AB-serum: 


Per cent Suppression 
z | 


For purposes of comparison, inhibitory activity of the 
protein fractions was designated in immunosuppressive 
units, defined as the ratio of the total weiglit of the protein 
fraction to the smallest dose producing complete in vitro 
suppression of the lymphocyte response to PHA. 

Cytotoxicity of test fractions was measured by trypan 
blue dye exclusion. 


__ cpm in experimental tubes — cpm of unstimulated tubes 
cpm of stimulated tubes — cpm of unstimulated tubes 


x 100 


Chemical Determinations 


Cortisol was measured by the method of Murphy.* 
Barbiturate levels were performed by Leary Labora- 
tories, Inc., Boston, usinga gas chromatographic method. 
The polypeptide moiety was determined by the method of 
Mehl? using bovine serum albumin as a standard. 


Results 


Whole Serum Suppressive Activity 


Twenty-eight of 31 patients (90%) developed immuno- 
suppressive serum after undergoing major operative or 
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TABLE 3. Degree of Suppression of PHA-stimulation by Trauma Serum 


>70% >90% 
Patients No. % No. % 
Class II 18/25 72 11/25 44 
Class HI 23/28 82 19/28 7! 


accidental trauma with life-threatening complications 
(Class III, Table 2); 25 of 60 (42%) patients undergoing 
major trauma without complications (Class II) developed 
immunosuppressive serum; 0 of 18 patients who under- 
went minor trauma (Class J) developed suppressive 
serum. Differences between Classes I and II, I and III, 
and II and III were significant (P < 0.005) by the Chi- 
Square Test (Yates! correction). Sera from 15 normal 
controls were not suppressive, and none of 14 samples 
from patients receiving anesthesia without major surgery 
was suppressive (e.g., Class I patients cystoscoped or 
undergoing uncomplicated vaginal delivery under general 
anesthesia). In addition, 10 of 11 patients who sustained 
major accidental trauma had immunosuppressive serum 
as early as one hour following trauma and before receiving 
anesthesia. While there was measurable barbiturate in 
the serum or serum fractions of postoperative patients 
who had received barbiturates preoperatively or intra- 
operatively, high barbiturate levels did not parailel high 
serum or serum. fraction immunosuppressive potency. 
Finally, none of 15 patients on whom pre-trauma samples 
were drawn had immunosuppressive serum before 
trauma. 

Among those patients who developed suppressive serum 
the immunosuppressive potency of the serum paralleled 
the severity of the trauma (Table 3). These differences 
between Classes II and III are significant (P < 0.05) by 
the Chi-Square Test. 

The time course for the appearance and disappearance 
of whole serüm suppressive activity is shown in Table 4. 


TABLE 4. Degree and Duration of Serum Suppressive Activity Following Trauma* 





Days after Trauma 





Patients Pre-Trauma 1 2 3-5 6-8 9-14 15-28 
Class III 20 + 207 +4 69 +7 69 + 6 28g J1 +6 66 + 6 
(2)¢ (36) (14) (18) (8) (18) (11) 
Class H 25 - 7 60 + 4 64 + 14 52 + 13 30 + 4 
(9) (65) (6) (6) (2) 
Class I 14+2 36+ 5 22 18 + 2 10 
(4) (17) (1) (2) (i) 


* Mean percent suppression + S.E. 


* Analysis of Variance followed by a test for all possible comparisons among means shows that each class is different from each other class 
(P < .01) and that pre-trauma is different from 1, 2, 3—5, 6~8, 9— 14, and 15—28 days after trauma (P < .01). The days after trauma do not differ from 


each other. 
+ Number of samples. 


-l 
ON 


100 


Serum Suppressive Activity, Percent 


Serum Cortisol, ug% 


Fig. 1. Scattergram of cortisol levels and immunosuppressive activity 
of 31 trauma serum samples. 


For all those patients undergoing major trauma who de- 
veloped immunosuppressive serum, inhibitory activity 
was often detectable immediately (i.e., as early as one 
hour) following trauma and slowly decreased over a vari- 
able length of time depending on the severity of the clini- 
cal course. Further, the degree and duration of suppres- 
sion of PHA-stimulation paralleled the severity of illness. 

There was no correlation (r, = 0.040) between cortisol 
levels and immunosuppressive activity for 31 trauma 
serum samples (Fig. 1). 

Trauma patient serum was not cytotoxic in the doses 
employed as judged by trypan blue dye exclusion. 


Immunosuppressive Activity in Serum Fractions 


 Immunosuppressive units for the 7 protein fractions 
developed by DEAE-cellulose serum chromatography are 
given in Table 5. The data represent 43 individually frac- 
tionated serum samples: 20 from 15 Class II patients, 
18 from 9 Class III patients, and 5 from 5 normal volun- 
teers. Itis clear that the first protein peak (Fraction I) from 
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trauma serum contains considerable immunosuppressive 
activity not present in the serum of healthy volunteers. 
The remaining peaks (II- VID contain smaller amounts of : 
material, of comparable magnitude in all groups. There is 
also clearly more total immunosuppressive material 
yielded by trauma serum, being 5 to 10 times that recover- 
able from the normal serum tested. 

DEAE Fraction I contained 80-90% of the total im- 
munosuppressive material; the dose-related inhibition of 
PH A-stimulation is given in Table 6. Further, the number 
of immunosuppressive units recovered from Fraction I 
of each class of patients paralleled the severity of trauma; 
thus Class III serum yielded 288 + 82.3 units, while Class 
II and I serum yielded 195.4 + 29.2 and 136.0 + 38.7 
units, respectively. Fraction I protein was not lympho- 
toxic in the tested doses as judged by trypan blue dye 
exclusion. 

When serial serum aliquots obtained before and subse- 
quent to trauma were chromatographed (Fig. 2), the dura- 
tion and amount of Fraction I immunosuppressive activity 
paralleled the clinical course, as was previously observed 
for whole serum suppression. 

Since initial studies has indicated that Fraction I con- 
tained the greatest amount of suppressive material, a 
pool of 18 immunosuppressive Fraction I protein samples 
was acidified to pH 3.0 and diafiltered with a membrane 
which retained species greater than 10,000 daltons. The 
procedure has been detailed earlier?? and was similar to 
procedures used to dissociate IRA-peptide from its larger 
molecular weight (probably alpha globulin) protein car- 
rier.°4 The results are given in Table 7. Unfiltered Frac- 
tion I protein from which the peptide was extracted was 
99.7% suppressive of PH A-stimulation at 1.5 mg/ml. The 
fraction recovered by filtration was 99.5% suppressive at ` 
0.3 mg/ml, while the material retained by the filter was 
no longer suppressive below 6.0 mg/ml. The ultrafiltrate 
of normal serum possessed no activity even at 6.0 mg/ml. 
Analysis by the biuret method indicated that the total 
weight of the immunosuppressive low molecular weight 
fraction could be accounted for by polypeptide. The pep- 
tide fraction added to stimulated or unstimulated cultures 
was not lymphotoxic by trypan blue dye exclusion. 


TABLE 5. Immunosuppressive Units for Individual Protein Fractions Developed by DEAE-fractionation of Trauma Serum 


Fraction I H III 
Class II patients 195.4 + 29.2* 0 10.0 + 6.1 
(n — 15) 
Class III patients 288 x 82.3 — 45 + 6.5 
(n = 9) 
Normal volunteers 0 0 8.0 + 4.2 
(n — 5) | 


IV V VI VII 
11.5 + 6.5 3.2 + 2.0 14.9 + 8.0 13.2 + 5.7 
10.0 + 8.1 24.2 + 10.0 15 + 4.0 .8.0 + 3.4 





* Mean immunosuppressive units + S.E. 
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TABLE 6. Inhibition of PHA-stimulation bv Fraction I Protein 
from DEAE Chromatography of Trauma Serum 








Fraction I Protein 6 mg/ml 3 mg/ml 1.5 mg/ml 

Trauma patients 94.4 + 2.3* 85.9 + 3.7 74.8 + 52 
(n = 24) 

Normal volunteers A E = 3.5 34.2 + 16.0 31.2 2 20.3 


(n = 8) 





* Mean per cent suppression + S.E. 


Discussion 


The prevalence of lethal infectious complications after 
operative or accidental trauma strongly supports the con- 
cept of diminished host immune reactivity in this circum- 
stance, although the mechanism has not been established. 
Traumatized hosts do not manifest a normal immune re- 
sponse to skin tests, allografts, tumor growth, or viral 
and mycotic infection, all of which depend in part upon 
intact T-cell function. Several reports™!55+ indicate that 
lymphocytes of postoperative patients are hypore- 
sponsive to mitogenic stimulation: such diminished reac- 
tivity often occurs onlv in autologous, but not pooled, 
serum???*^* suggesting that the lymphocytic hypofunc- 
tion may not be intrinsic but related to some characteris- 
tic of the serum. In fact, the serum from burned patients 
has been shown to depress the response of normal 
lymphocytes to Monilia antigen.*' The active factor was 
not cortisol. Further, there have been reports that “*con- 
valescent serum '!95?* reduces the mortality from infec- 
tion in burned animals, which may reflect interference 
with, or dilution of, the immunosuppressive serum fac- 
tor(s). Finally, a number of reports have suggested that 


. impairment of cellular immunity following surgi- 


cal !>-20.21.29.42 or therma]???7-? trauma is transient and may 
be related to the severity of the injury. Clearly, the pres- 
ence of a circulating immunosuppressive factor which 
antagonizes T-cell activity would account for much of the 
observed functional immune deficit following operative or 
accidental injury. 


IMMUNOSUPPRESSIV E POLYPEPTIDE TI 







MAJOR TRAUMA 
WITH COMPLICATIONS 


IMMUNOSUPPRESSIVE UNITS 


MAJOR TRAUMA 





TRAUMA 


DAYS 


Fic. 2. Immunosuppressive material recoverable from patient serum 
after operative or accidental trauma; points represent mean + S.E. 


IRA has previously been shown to inhibit a number of 
T-cell dependent immune phenomena without toxicity,” 
probably by interference with antigen recognition. Specif- 
ically, IRA depresses the primary antibody response to 
antigens which depend upon T-cell helper activity."** 
IRA inhibits the blastogenic response of normal human 
lymphocytes to mitogens, including PHA.” Pretreatment 
of rodents with IRA impairs rejection of skin?’ and kidney 
allografts?* and transplantable syngeneic tumors.'? IRA 
depresses resistance to experimental streptococcal infec- 
tion.'? Presumably, IRA blocks immune responses by low- 
affinity binding to the lymphocyte plasma membrane, 
since the suppressive effect can be easily removed by 
washing.® Excessive amounts of this naturally-occurring 
suppressor following trauma would be expected to cause 
widespread impairment of cellular immunity. 

The experiments described here indicate that the sera of 
traumatized patients contains immunosuppressive ac- 
tivity which parallels the severity of the clinical course. 
We have not established whether whole serum immuno- 
suppression is causative or predictive, i.e., if the Class 
II] patients suffered major complications because they 


TABLE 7. Comparison of Immunosuppressive Activity of Fraction I "Starting Material" and Materials Retained by, 
and Passing Through the PM-10 Ultrafilter 


ee 


Dose (per ml) 





0.3 mg 0.1 mg 0.03 mg 





Starting 

fraction | 

protein 100 + 0* 
Retained 

protein 

fraction 96.0 + 4.0 3.3 + 3.3 
Filtered 

peptide 

fraction — — 


— 99.5 + 0.5 48.0 + 27.7 2.52 125 


e ——— 


* Mean per cent suppression + S.E. 
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were immunosuppressed, or whether their serum merely 
reflected qualitatively the degree of their illness. 
MacLean”? has presented data which indicate that pre- 
operative cutaneous anergy is predictive of a high inci- 
dence of postoperative infectious complications, and has 
found suppressive serum activity in 4 of 4 severely ill 
patients tested. 

Column chromatography of the serum yielded a pro- 
tein fraction (Fraction I) whose specific activity paralleled 
the severity and duration of the clinical course. Neither 
whole serum nor Fraction I protein suppressivity could 
be correlated with serum cortisol or barbiturate levels. 
Trauma serum yielded 5 to 10 times the amount of im- 
munosuppressive material recoverable from control 
serum. 

Finally, ultrafiltration of Fraction I protein indicated 
that a majority of the immunosuppressive activity was 
contained in a peptide subfraction of low («10,000 
daltons) molecular weight. By size, and by its ability to 
inhibit PH A-stimulation, this peptide resembles IRA. 

It is possible, but by no means certain, that the sup- 
pressive trauma serum peptide represents large quantities 
of the naturally-occurring IRA. However, the origin of 
both materials is unclear. We have suggested that IRA 
is a feedback regulator of T-cell mediated immunity, and 
may be produced by suppressor lymphocytes during im- 
mune stimulation. In the traumatized host, chronic anti- 
genic stimulation or some other more obscure mechanism 
may result in the production of large amounts of IRA; such 
reasoning is supported by our finding of greater amounts 
of suppressive activity in the more severely ill patients. 
It is possible that the failure of the cellular immune 
response to protect patients following severe operative or 
accidental injury may result in part from overreaction 
of a normal immunoregulatory mechanism. 
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Diverticulitis with Perforation into the Peritoneal Cavity 


DAVID L. NAHRWOLD, M.D., WILLIAM E. DEMUTH, M.D. 


Sigmoid diverticulitis with free perforation or perforation through 
the mesentery results in generalized peritonitis. Emergency 
surgical treatment is mandatory, but the most efficacious pro- 
cedure has not been clearly established. Ten consecutive patients 
were treated by removal of the perforated sigmoid colon, 
temporary end colostomy and peritoneal toilet. All but one patient 
survived the initial procedure, and there were only four minor 
complications. The preoperative diagnosis was correct in 8 of the 
10 patients. Analysis of the preoperative clinical findings re- 
vealed that a decision in favor of immediate operation was not 
difficult. The predominant clinical manifestations were severe 
abdominal pain and tenderness, fever, and elevation of the 
white blood cell count. The most reliable diagnostic finding 
was localization of the area of maximum tenderness to the left 
lower quadrant and suprapubic areas. While it is not applicable 
for all the pathologic manifestations of diverticulitis, sigmoid 
colectomy, temporary end colostomy and peritoneal toilet is 
efficacious therapy in perforative diverticulitis with free com- 
- munication between the colonic lumen and the peritoneal cavity. 


IVERTICULITIS is one of the few clinical entities for 
which a standard method of surgical treatment has 
not evolved. Numerous operations have been used, in- 
cluding primary resection and anastomosis, exterioriza- 
tion,? colostomy with or without drainage, followed by 
resection with or without concomitant colostomy clos- 
ure,*^ and resection with temporary colostomy.’ 
The pathologic findings in diverticulitis vary according 
to the extent of disease and the rapidity with which the 
disease progresses. Thus, diverticulitis may result in free 
perforation, local inflammatory changes in the pericolonic 
fat or mesentery, mesenteric abscess, fistula formation 
and a variety of other pathologic findings. 
We believe that no single operation is applicable to all 
patients with diverticulitis. Evaluation of surgical pro- 
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cedures for diverticulitis would be more meaningful if 
the specific pathologic manifestations for which they are 
used were more carefully defined. Correlation of the 
clinical findings with the various pathologic manifesta- 
tions of diverticulitis might also be useful to establish the 
indications for and the timing of a given surgical pro- 
cedure. Accordingly, this is the report of our experience 
with ten consecutive patients who had perforative sigmoid 
diverticulitis with free communication between the lumen 
of the colon and the peritoneal cavity and purulent* 
peritonitis. They were treated by removal of the 
perforated colon and temporary end colostomy. 


Historical Data 


Eight of the 10 patients were women. The age range 
was from 34 to 82 years, with a mean of 58 years. 

The chief complaint at the time of admission was ab- 
dominal pain in 9 patients and vomiting in one. Pain was 
also the first symptom of the illness in 7 patients; in the 
remaining 3 the first symptoms were dysuria, vomiting and 
weakness. A summary of the symptomatology is shown in 
Table 1. The interval between onset of the first symptom 
and admission to the hospital ranged from 6 hours to 7 
days, and the mean interval was 60 hours. 

Characteristics of the pain were analyzed because it 
was present in all 10 patients. It was described as gen- 
eralized throughout the abdomen in 3 patients, and 
localized to the left lower quadrant in 5, the right lower 
quadrant in one, and the suprapubic area in one. Five 
patients described the pain as constant, one as intermit- 
tent and cramping, and 4 as constant with a cramping 
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TABLE 1. Symptomatology 


Symptom Number of Patients 





— 
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Abdominal pain 
Anorexia 

Weakness 

Nausea and vomiting 
Dysuria 

Fever 

Chills 


component. The pain was very severe in 8 patients, 
moderate in one, and mild in one. 

The mean interval between the last bowel movement 
and the time of admission was 23.5 hours, and the 
range was one to 72 hours. 

A history of previous treatment for various manifesta- 
tions of diverticular disease was obtained in 7 of the 10 
patients. All 7 had been treated within 4 years of admis- 
sion and two of these had required a previous hospitaliza- 
tion. Four patients had either undergone previous 
cholecystectomy for cholelithiasis or were known to have 
gallstones. Eight of the 10 patients were receiving ther- 
apy for concomitant illnesses (Table 2). Two were being 
treated with steroids, and the diabetic patient was ad- 
mitted in severe ketoacidosis. 


Physical Examination and Laboratory Findings 


Six of the 10 patients were obese. Mean weight of the 
entire group, predominantly women, was 155 pounds. 

Pulse rate at the time of admission ranged from 64 to 134 
per minute. The mean was 96 per minute. All but one of 
the patients were febrile on admission. The mean temper- 
ature was 38.3*. 

The physical findings on abdominal examination are 
shown in Table 3. All patients had abdominal tender- 
ness in the lower portion of the abdomen, but the area 
of maximum tenderness was in the right lower quadrant 
in two patients. The manifestations of peritonitis, re- 
bound and percussion tenderness, were absent in two pa- 
tients, and two other patients had normal bowel sounds. 

The white blood cell count was elevated in all but one 
patient, but the differential count was shifted to the left 
in all patients. Mean WBC was 17,050/mm?. Plain ab- 
dominal x-rays were normal in three patients, but the re- 
maining 7 had findings consistent with either ileus or in- 
testinal obstruction. Free air was identified in only two 
patients. 


Operative Findings and Treatment 


The correct preoperative diagnosis was made in all but 
two patients, who were thought to have acute appendicitis 
because of the location of their pain and the area of 
maximum tenderness. All patients had free pus within the 
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TABLE 2. Significant Concomitant Disease 





Disease Number of Patients 


t9 


Hypertension 

Rheumatic heart disease 
Glaucoma 

Asthma (steroids) 

Parkinson's disease 
Rheumatoid arthritis (steroids) 
Diabetes (ketoacidosis) 
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peritoneal cavity and two also had feces scattered 
throughout the abdomen. The perforation was directly 
through the antimesenteric wall of the sigmoid colon in 5 
patients and through the mesentery into the peritoneal 
cavity in 5. Cultures of the pus grew a variety of gram- 
negative organisms in all but one patient. 

In all patients the involved portion of the sigmoid and 
its mesocolon, including the perforation, was excised. 
The length of colon removed ranged from 9 to 38 cm and 
averaged 18 cm. The proximal colon was brought through 
the abdominal wall in the left lower quadrant as a 
colostomy. The distal bowel was closed in 3 layers in7 pa- 
tients, closed around a catheter in two, and brought 
through the wound as a mucocutaneous fistula in one 
patient. Penrose drains were placed in the pelvis in 5 
patients. Prior to closure the peritoneum was thoroughly 
debrided and the peritoneal cavity was irrigated with 
copious amounts of saline solution. All patients received 
parenteral antibiotics, which were begun no later than at 
the commencement of operation. 


Results 


All patients survived except an 82-year-old woman who 
developed multiple intra-abdominal abscesses and eventu- 
ally died of sepsis 5 weeks after operation. Complica- 
tions in the survivors included two wound infections, an 
episode of paroxysmal atrial tachycardia in the patient 
with rheumatic heart disease and a pleural effusion which 
required thoracentesis. The mean length of the entire hos- 
pitalization was 21 days. 


TABLE 3. Findings on Abdominal Examination 


Findings Number of Patients 
Tenderness to palpation 10 
Area of maximum tenderness 
Left lower quadrant 7 


Right lower quadrant 

Suprapubic area l 
Rebound and percussion tenderness 8 
Abdominal distention 5 
Bowel sounds 


Absent 4 
Decreased 4 
Normal 2 
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Reanastomosis was carried out in all surviving patients 
an average of 16 weeks after colostomy. One elderly pa- 
tient died suddenly of a myocardial infarction during an 
otherwise uncomplicated postoperative course. There 
were no other complications. All survivors have remained 
well during an average followup period of 30 months. 


Discussion 


The primary problem in caring for diverticulitis pa- 
tients is to determine whether immediate surgical therapy 
is necessary. Most surgeons would agree that patients 
with diverticulitis who have free communication between 
the lumen of the colon and the peritoneal cavity should 
have immediate operation. The clinical data derived from 
our patients provide information which may be helpful in 
making the decision to operate. 

The main symptom in all our patients was abdominal 
pain. In all but two patients the severity of the pain was 
sufficient to suggest that an acute abdominal catastrophe 
had occurred. The other symptoms elicited in the history 
were rather non-specific and were of little value in es- 
tablishing the diagnosis. Although the mean interval be- 
tween the onset of symptoms and admission was 60 hours, 
9 of the 10 patients had a bowel movement within 24 
hours of admission. Thus, the frequent references to in- 
creasing constipation as a clinical manifestation of divertic- 
ulitis was not supported by our study. 

On abdominal palpation there was sufficient tender- 
ness to suggest that a serious problem existed in all 
patients. While localization of the pain by history was not 
especially helpful in establishing the site of disease, 
localization of the area of maximum tenderness to the left 
lower quadrant or suprapubic area basically established 
the diagnosis of diverticulitis in 8 patients. Although 
localization of tenderness to the right lower quadrant led 
to the erroneous diagnosis of acute appendicitis in two 
patients, the decision to operate was unaffected. The 
presence of peritonitis was obvious from the findings of 
rebound and percussion tenderness in all but two pa- 
tients. Other physical findings, including the presence or 
absence of bowel sounds, were of little help in making 
a specific diagnosis or in determining the need for opera- 
tion. The presence of a mass in the left lower quadrant, 
frequently cited as a diagnostic aid, was not detected in 
any of our patients, probably because most of them were 
obese or had marked muscle guarding. Thus, the absence 
of a mass should not be taken as evidence against the 
diagnosis of diverticulitis. 

Fever and elevated white blood cell count, present in all 
but one patient, made it obvious that the abdominal 
process was inflammatory. X-rays were helpful only in the 
two patients in whom there was free subdiaphragmatic 
air. The incidence of free air was 39% in patients re- 
ported by Graves et al. 
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This study suggests that a decision in favor of im- 
mediate operation can be made with little difficulty on the 
basis of clinical findings. Severe abdominal pain, marked 
rebound and percussion tenderness, fever and white blood 
cell count elevation are diagnostic of an acute infectious 
abdominal process which requires surgical treatment. 
When these findings are present and the maximum area 
of tenderness is in the lower left quadrant or the supra- 
pubic area, perforated sigmoid diverticulitis is the most 
likely diagnosis. 

Our choice of resection and temporary end-sigmoid 
colostomy as therapy for perforated diverticulitis with 
free communication between the colonic lumen and the 
peritoneal cavity is based on several principles. Resec- 
tion of the colon eliminates the possibility of subsequent 
peritoneal contamination from the perforation. Removal 
of the inflamed colon and its mesentery adjacent the 
perforation eliminates these tissues as a possible focus 
for continued intraabdominal sepsis. These principles 
have been employed successfully for many years in the 
treatment of free perforations of the appendix and gall- 
bladder by appendectomy and cholecystectomy, respec- 
tively. While there have been reports of successful 
treatment by primary resection and anastomosis, we do 
not feel that colonic anastomosis in a grossly con- 
taminated field is wise because of the possibility of 
suture line leakage and the potential lethality of this 
complication. However, there is no question that primary 
resection and anastomosis may be applicable in some 
diverticulitis patients with small mesocolic abscesses in 
which there is no free communication between the colonic 
lumen and the peritoneal cavity. In our patients there 
were no problems attributable to the methods used to 
manage the distal rectosigmoid stump. In most patients i 
the inflammatory process in the colon extended down to 
the rectosigmoid area and the distal segment was not long 
enough to establish a separate stoma. Closure of the de- 
functionalized rectosigmoid in three layers at the per- 
itoneal reflection was simple and effective. Closure 
around a tube brought through the abdominal wall did not 
seem to offer any advantage. Identification of the recto- 
sigmoid stump at the time of reanastomosis was not dif- 
ficult and we were surprised at the ease with which 
colostomy closure could be done. The outcome after 
resection was unaffected by the presence or absence of 
pelvic drains. 

Canter and Shorb have emphasized that diverticulitis 
patients who are receiving long-term steroid therapy are 
more likely to have free perforation or spreading 
peritonitis. This was the case in two of our patients. 
Altemeier and his associates found that 23 percent of their 
diverticulitis patients were diabetic.’ Routine testing of 
the urine for glucose in the emergency department led to 
the diagnosis of diabetic ketoacidosis in one of our pa- 
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tients who had no history of previous manifestations of 
diabetes. Identification of this problem and adequate 
preoperative therapy probably prevented a fatal outcome. 

Our experience and the experience of others'*^? sug- 
gest that removal of the perforated and infected sigmoid 
colon, temporary end colostomy and peritoneal toilet is 
an efficacious method of treatment of diverticulitis pa- 
tients who have free communication between the colonic 
lumen and the peritoneal cavity. 
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Perforated Appendicitis: 


Current Experience in a Childrens Hospital 


MICHAEL B. MARCHILDON, M.D.,* DAVID L. DUDGEON, M.D.1 


A review of 89 consecutive cases of perforated appendicitis re- 
cently treated surgically at Childrens Hospital of Los Angeles 
revealed no mortality and a complication rate of 17%. Significant 
factors in this low morbidity are: adequate preoperative re- 
suscitation, routine administration of broad spectrum antibiotics 
pre and postoperatively, and attention to surgical detail. Anaero- 
bic organisms were invariably present in cultures of the peritoneal 
fluid taken at operation. Anaerobes were also present in the 
blood in all 5 patients having positive blood cultures and were 
frequently pathogens whenever postoperative infectious complica- 
tions occurred. The use of antibiotics effective àgainst anaerobic 


organisms was common in this series and produced no morbidity. 

ERFORATED APPENDICITIS in children still produces a 
P high morbidity (20-56%) despite a significant de- 
crease in the mortality rate. The high incidence of 
infectious complications is the major cause of morbidity. 
Controversy still exists on what.management in the pre- 
operative, intraoperative, and postoperative periods is 
most effective in preventing or controlling infection. 
We have reviewed the course of patients with perforated 
appendicitis: at Childrens Hospital of Los Angeles 


managed by standard modes of therapy to determine 
the morbidity. 


Material 


Eighty-nine consecutive patients with perforated ap- 
pendicitis occurring between January 1, 1973 to February 
28, 1975 were treated initially at Children's Hospital of 
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Los Angeles and their courses reviewed. These 89 cases 
represented 37% of all appendicitis cases treated during 
this period. All nonperforated appendicitis patients or 
patients treated initially at another hospital were ex- 
cluded. Nine patients with a protracted clinical history 
and suspected perforated appendicitis with an intraperi- 
toneal abscess were treated initially with antibiotics 
in preparation for a subsequent interval appendectomy. 
These patients are not included in the present study. 

Two of three of the following criteria were required 
to establish a diagnosis of perforated appendicitis: 
1) Intraoperative diagnosis of gross perforation; 2) His- 
tologic diagnosis of a microperforation; 3) Presence of 
enteric organisms in cultured peritoneal fluid. Seventy- 
six (85%) of the 89 patients fulfilled all three criteria. 

There were 52 males and 37 females, ranging in age 
from 142 to 17 years. The average age was 7/2 years 
and only two patients were less than two years old. 

Perforated appendicitis was correctly diagnosed pre- 
operatively in 62 patients (70%). Delay in diagnosis 
may have occurred prior to hospital admission but only 
two patients were hospitalized longer than 48 hours prior 
to surgery. 

Intravenous fluids and antibiotics were started in all 
patients with a preoperative diagnosis of perforated 
appendicitis. Twenty-seven patients were diagnosed 
intraoperatively and 4 received antibiotics at that time. 
All patients received antibiotics in the postoperative 


‘period. The antibiotics used in 1973 were Ampicillin 
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TABLE 1. Operative Technique: 89 Cases 
No. Ot 
Peritoneal cavity drained 83 93% 
Primary skin closure "E 87% 
Delayed primary closure 12 13% 
Peritoneal drainage & primary closure 73 82% 
Irrigation of peritoneal cavity 19 21% 
Inversion of appendical stump 86 97% 





and Kanamycin. In 1974 Gentamycin was substituted 
for Kanamycin and in this same period of time, Clinda- 
mycin was frequently used instead of Ampicillin. 

The surgeons described localized intra-abdominal ab- 
scesses in 68 cases and diffuse peritonitis in 7 cases. 
In 14 cases the description of the gross pathology was 
unclear. 

Various operative techniques (Table 1) were employed 
but the peritoneal cavity was routinely drained if either 
a localized abscess or diffuse peritonitis was encoun- 
tered. The drains were left in place an average of 
914 days. In 76 patients the drains were brought out 
through the abdominal incision. The peritoneal cavity 
was locally irrigated with saline in 21% of the cases but 
no antibiotic lavage was used. Delayed primary closure 
of skin and subcutaneous tissues was used in 12 cases 
and 77 other wounds were closed primarily. The decision 
as to the operative technique was made by the responsi- 
ble surgeons involved and not by a protocol. 


Results 


There were no deaths in this operative series. The 
morbidity rate was 17% (15 patients) (Table 2). One 
patient required reoperation for pelvic and subphrenic 
abscesses. Two patients developed pelvic abscesses 
which drained spontaneously, one through the vagina 
and one through the incision. Four patients had prolonged 
hospitalizations (14 days) due to fever and a palpable 
pelvic phlegmon which responded to antibiotic therapy. 
There were 7 minor wound infections requiring drainage 
as a ward procedure. None of these wound infections 
occurred in patients with delayed primary wound closure. 


TABLE 2. Postoperative Complications 


No. OC 
Subphrenic & pelvic abscess, reoperation l 1% 
Pelvic abscess, drained spontaneously 2 2% 
Prolonged fever, rectal bogginess 4 5% 
Wound infection 7 8% 
Right scrotal inflammation l 1% 

15 17% 
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TABLE 3. Bacteriology of Peritoneal Fluid Cultures 








Number Per Cent 

Aerobic cultures (86) 

E. coli 70 83% 

Pseudomonas 30 37% 

Alpha hemolytic streptococcus 29 36% 

Enterococcus 13 15% 
Anaerobic cultures (46) 

Bacteroides fragilis 43 93% 

Clostridia species 20 43% 





Table 3 shows the culture results of the peritoneal 
fluid in these patients. E. coli was the most prevalent 
aerobic organism and was sensitive to Ampicillin in 81% 
of the cultures. Anaerobic peritoneal cultures grew Bac- 
teroides fragilis (93%) and clostridia (43%). Mixed 
anaerobic growth with numerous other organisms was 
common. Postoperative wound infections (Table 4) were 
rarely cultured for anaerobic organisms. Five patients 
has preoperative blood cultures which grew Bacteroides 
fragilis. One patient had a stool culture obtained just 
prior to her appendectomy which subsequently grew 
Shigella. 

No drug morbidity was associated with the use of Kana- 
mycin (22 patients), Gentamycin (65 patients), or Clin- 
damycin (32 patients) as initial antibiotics. An additional 
5 patients received Clindamycin secondarily after having 
developed an infectious complication. All 5 patients with 
blood cultures containing Bacteroides were treated with 
Clindamycin parenterally. The only patient who required 
a reoperation for pelvic and subphrenic abscesses had 
Bacteroides in both the pre and postoperative blood 
cultures and cultured Bacteroides from the subsequent 
subphrenic abscesses. 


Discussion 


Most series report that the incidence of perforated 
appendicitis, compared to nonperforated, has not de- 
creased.*!! This high incidence, including our series 
(3796), is probably related to a delay in diagnosis. 

Perforated appendicitis no longer has a high mortality 
rate and effective antibiotic therapy has contributed 


TABLE 4. Bacteriology of Complications 








Positive 
Preop 
Blood Wound Subphrenic Pelvic 
Cultures Infections Abscess Abscess 
E. coli 5/6 2/2 
Pseudomonas 2/6 1/2 
a Hemolytic 
streptococcus 1/5 1/6 1/1 
Bacteroides 
fragilis 5/5 1/1 1/1 2/2 
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significantly to this improvement.* Another contributing 
therapeutic measure is an intensive preoperative resusci- 
tative effort of up to I2 hours to improve the condition 
of these patients who are usually severely hypovolemic 
and hyperthermic. These latter factors are emphasized 
in the reduced mortality rate of perforated appendicitis 
reported by Pledger er al.'* and also in the reduction of 
postoperative morbidity." The preoperative use of 
systemic antibiotics, intravenous fluid therapy, and 
cooling measures to prevent seizures and malignant 
hyperthemia cannot be overemphasized. Shandling re- 
ported a series of perforated appendicitis patients in whom 
antibiotic therapy was rarely used, with a complica- 
tion rate of 4696. '? 

Complications and Antibiotics. The high morbidity rate 
of perforated appendicitis in most clinical reviews has 
led to controversy over appropriate therapy including the 
use and timing of appropriate antibiotics. We favor the 
use of systemic broad spectrum antibiotics as soon as 
the diagnosis is clinically suspected or beginning anti- 
biotics intraoperatively if an unsuspected perforation is 
found. Experimental and clinical evidence supports early 
antibiotic therapy and questions the effectiveness of de- 
layed institution of these agents." We have chosen 
Gentamycin as the most effective agent against the 
common gram negative pathogens E. coli and Pseudo- 
monas. The monitoring of renal function with twice 
weekly blood urea nitrogen and creatinine levels has 
prevented any significant toxicity in our patients. 

There is strong evidence that preoperative antibiotics 
reduce the incidence of postoperative intra-abdominal 
abscesses.'* Many surgeons also favor the use of intra- 
peritoneal drains when the intraperitoneal contamination 
is localized to the area of the appendix.!'? The efficacy of 
intraperitoneal drains in patients with generalized peri- 
tonitis has been questioned.’ 

Fowler? reported a reduction in the incidence of post- 
operative intraperitoneal abscesses (18% to 3%) with the 
use of intraperitoneal antibiotic lavage for the first 48 hours 
after surgery. The incidence of wound infections (22%) 
was unchanged. We have had no experience with this 
technique. 

Wound infections appear to be reduced by delayed 
primary closure of the skin and subcutaneous tissue.*!4 
Twelve patients were closed in this manner without a 
complication, but only 7 minor wound infections de- 
veloped in 77 patients whose wounds were closed pri- 
marily (9.1%). Intraperitoneal drains were brought out 
the lateral aspect of the incisional site. This may en- 
hance drainage of the subcutaneous space and reduce 
wound infections.!? There is a reported lower incidence 
of wound infections in children than in adults with per- 
forated appendicitis. 

Anaerobic Organisms. The role of anaerobic or- 
ganisms in postoperative morbidity is still not clear.??!! 
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Leigh has reported an increasing incidence of Bacteroides 
involvement in post-appendectomy wound infections, 
reaching 82% in 1971.8 Douglas and Vesey reported that 
the presence of Bacteroides in peritoneal fluid cultures 
at the time of appendectomy greatly increases the risk of 
developing a postoperative infectious complication.? 

The presence of Bacteroides fragilis in 93% of the 
anaerobic cultures taken at surgery and particularly as 
the organism found in all positive preoperative blood 
cultures is impressive. Stone!? also found Bacteroides 
universally present in peritoneal cultures of perforated 
appendicitis. He detected anaerobic organisms in 24 of 
the postoperative wound and intra-abdominal infections. 
Bacteroides were found in 2 of 3 of our patients 
developing pelvic abscesses. 

Bacteroides has been effectively treated with Clinda- 
mycin.? The reported serious gastrointestinal complica- 
tions! 1977579 did not occur in our patients, but therapy 
was discontinued in a few patients who demonstrated 
early signs of diarrhea. Pseudomembranous enterocolitis 
in children as a complication of Clindamycin therapy has 
not been reported following parental administration of this 
drug. Pseudomembranous enterocolitis has been reported 
as a complication of antibiotic therapy with a number of 
other antibiotic agents, including Ampicillin. 

Either Ampicillin or Clindamycin was used in all our 
patients. No statistical difference could be demonstrated 
if Clindamycin was used; however, the incidence of com- 
plications was too low to make a precise comparison. 
The use of Clindamycin may be indicated since our major 
infectious complications all involved Bacteroides, and we 
have had no morbidity that can be attributed to the 
use of Clindamycin. This is also supported by a 
prospective study of infectious complications due to 
bowel contamination reported by Thadepalli et al.!? 
Stone, however, could not show improved morbidity 
when comparing Clindamycin to Keflin.'^ Clindamycin 
does not adequately treat enterococcus, and penicillin 
should be considered as part of the antibiotic regimen. 

This series of 89 consecutive patients has had a very 
low morbidity rate (17%). We feel the decreased morbidity 
is attributable to the following factors: 1) Adequate 
preoperative resuscitation consisting of intravenous 
fluids, appropriate systemic antibiotics often including 
agents for anaerobic organisms, and extensive cooling 
procedures. 2) Routine use of intraperitoneal drainage, 
localized saline lavage, and the intraoperative adminis- 
tration of appropriate parenteral antibiotics in the unsus- 
pected perforation. 


References 


l. Alexander, J. W. and Altemeier, W. A.: Penicillin Prophylaxis of 
Experimental Staphylococcal Wound Infections. Surg. Gynecol. 
Obstet., 120:243, 1965. 

2. Douglas, B., and Vesey, B.: Bacteroides: A Cause of Residual 
Abscess? J. Ped. Surg., 10:215, 1975. 


. 185 è No. I 


. Haller, J. A., Shaker, I. J., Donahoo, J. S., 


. Page, M. 1.: 


. Finegold, S. M.: Treatment of Anaerobic Infections. N. Engl. J. 


Med., 290:1323, 1974. 


. Fowler, R.: Childhood Mortality from Acute Appendicitis: The 


Impact of Antibiotics. Med. J. Australia, 2:1009, 1971. 


. Fowler, R.: A Controlled Trial of Intraperitoneal Cephaloridine 


Administration in Peritonitis. J. Ped. Surg., 10:43, 1975. 


. Grosfeld, J. L. and Solit, R. W.: Prevention of Wound Infection 


in Perforated Appendicitis; Experience with Delayed Primary 
Wound Closure. Ann. Surg., 168:891, 1968. 


et al.: Peritoneal 


Drainage Versus Non-drainage for Generalized Peritonitis from 
Ruptured Appendicitis in Children. Ann. Surg., 177:595, 1973. 


. Leigh, D. A.: Bacteroides Infections. Letter to editor, Lancet, 2: 


1081, 1973. 


. Moore, W. E. C., Cato, E. P., and Holdeman, L. V.: Anaerobic 


Bacteria of the Gastrointestinal Flora and Their Occurrence in 
Clinical Infections. J. Infect. Dis., 119:641, 1969, 


. Othersen, H. B. and Campbell, T. W.: Programmed Treatment 


of Ruptured Appendicitis in Children. South. Med. J., 67:903, 
1974, 

Beware— The Anaerobe Bandwagon. N. Engl. J. 
Med., 290:338, 1974. 


PERFORATED APPENDICITIS 
12. 
13. 
14. 


15. 


16. 


17. 
18. 
19. 


20. 


87 


Pledger, H. G. and Buchan, R.: Deaths in Children with Acute 
: Appendicitis. Br. Med. J., 4:466, 1969. 

Sharidling, B., Ein, S. H., Simpson, J: S., et al: Perforating 
. Appendicitis and Antibiotics. J. Ped. Surg., 9:79, 1974. 


Stone, H. H., Sanders, S. L. and Martin, J. D., Jr.: Per- 
; forated Appendicitis in Children. Surgery, 69:673, 1971. 
Stone, H. S., Kolb, L. D. and Geleber, C. E.: Incidence 


and Significance of Intraperitoneal Anaerobic Bacteria. Ann. 
: Surg., 181:705, 1975. 

Stroehlein, J. R., Sedlack, R. E., Hoffmann, H. N., et ali Clinda- 

mycin Associated Colitis. Mayo Clin. Proc., 49: 240, 1974. 
Tedesco, F. J., Stanely, R. J. and Alpers, D. H.: Diagnostic 
Features of Clindamycin Associated Pseudomembranous 
Colitis. N. Engl. J. Med., 290:841, 1974. 

Tedésco, F. J., Barton, R. W. and Alpers, D. H.: Clindamycin 
Associated Pseudomembranous Colitis: A Prospective Study. 
, Ann. Intern. Med., 81:429, 1974. 

Thadepalli, H., Gorbach, S. L., Broido, P. W., et al.: Abdominal 
Trauma, Anaerobes, and Antibiotics. Surg. Gvnecol. Obstet., 
137:270, 1973. 

Viteri, A. L., Howard, P. H. and Dyck, W. P.: The Spectrum 
of Lincomycin-clindamycin Colitis. Gastroenterology, 66:1137, 
1974, 


Palliation of Malignant Esophago-respiratory Fistulae 
by Permanent Indwelling Prosthetic Tube 


M. M. HEGARTY, |. B. ANGORN, J. V. BRYER, B. J. HENDERSON, B. T. LE ROUX, A. LOGAN 


Malignant esophago-respiratory fistula is an incurable condition 
causing severe distress to those patients suffering from it. Sixty 
two successive patients with esophago-respiratory fistulae, 
secondary to squamous cell carcinomas of the esophagus, were 
intubated for palliation. The first 14 were intubated by a trac- 
tion technique using the Celestin tube, and the remaining 48 
were intubated by the Procter-Livingstone tube inserted by a 
pulsion method. Celestin intubation had a mortality of 64.3%, 
but 75% of those intubated by the Procter-Livingstone tube were 
discharged from hospital, swallowing satisfactorily and relieved 
of their respiratory distress. In our experience the insertion of the 
Procter-Livingstone tube by a pulsion technique, can be per- 
formed in a few minutes, with little morbidity and allows the 
patient to be discharged from hospital within 3—4 days of the 
procedure. It is a successful and acceptable method of treating 
malignant esophago-respiratory fistulae. 


HE FIVE-YEAR survival of patients with carcinoma of 
the esophagus varies from less than 19€? to 9%" no 
matter what form the initial treatment takes. 

The emphasis in this disease must therefore be on ade- 
quate palliation and nowhere is this more important than 
in those unfortunate patients with respiratory distress due 
to either spill-over or particularly esophago-respiratory 
fistulae. 

Palliaton of esophago-respiratory fistulae can be 
achieved by surgical means but requires major surgery, 
either a bypass or a cervical esophagostomy combined 
with a gastrostomy. As palliative procedures these are of 
doubtful benefit as they require prolonged hospitalization 
and are associated with a high mortality and high mor- 
bidity.? 

The alternative is some form of esophageal intuda- 
tion. Intubation of malignant strictures of the esophagus 
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has been practiced since the late 19th Century.'? There 
are two basic techniques: 1) Pulsion as described by 
Souttar" and Mackler and Mayer!?; 2) Traction as de- 
scribed by Mousseau and Barbin!! and Celestin.’ 

There have recently been several encouraging reports 
on the use of intubation as a palliation for esophago- 
respiratory fistulae.'^:!? 

Carcinoma of the esophagus is a common disease 
among Negroes of South Africa and figures show that the 
incidence is increasing.” 

The Department of Surgery at the University of Natal, 
Durban deals with a Negro population of over 350,000 
in the immediate vicinity, but has patients referred from 
hospitals. all over Natal, Zululand and the Traskei 
districts, which together have a Negro population of over 
five million. 

A traction technique using the Celestin tube was used 
prior to September 1974. when a special unit dealing 
solely with carcinoma of the oesophagus was established. 
The large numbers of patients dealt with, demanded a 
simple and effective technique of palliation, and from 
that date, where intubation was indicated, we have used 
a pulsion technique using the Procter-Livingstone tube." 

Our experience with 62 cases of esophago-respiratory 
fistulae treated by intubation is reviewed. Fourteen 
patients were treated by the traction technique between 
September 1973 and September 1974 and a further 48 
patients were treated by the pulsion technique in the 15 
months from September 1974. 

The technique of Celestin intubation is well known and 
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Fic. 1. On right the Celestin tube. 
On the left the shorter wider 
Procter-Livingstone tube. 





described.’ We believe that the peroral insertion of the 
Procter-Livingstone tube affords a simple and more ef- 
fective alternative. 


Materials and Method 


The Procter-Livingstone tube* is a flexible armored 
latex tube available in three lengths, 10 cm, 15 cm and 19 
cm. It has an internal diameter of 12 mm and an external 
diameter of 18 mm. The proximal end is expanded to 
enable it to sit snugly on the shoulders of the tumor 
without slipping through and also to prevent fluid from 
passing between the tube and the esophageal wall. 
To prevent pressure necrosis and to make insertion some- 
what easier both proximal and distal ends are shaped into 
two flanges and are not armored (Fig. 1). 

All patients in the series had a barium swallow to 
assess the distance of the upper limit of the tumor 
from the incisor teeth and particularly to measure the 
length of the stricture. All patients were given a light 
general anesthetic and bronchoscopy was first performed. 
A large Negus esophagoscope was then passed as far as 
the upper limit of the malignant stricture, which was then 
dilated to 38 French gauge using graded dilators. A 20 


* Latex Products, P.O. Box 5626, Johannesburg 2000. 
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Fic. 2a. Anterior-posterior view of esophago-respiratory fistula before 
and after intubation with the Procter-Livingstone tube. 


French gauge bougie was then passed through the stric- 
ture and the esophagoscope removed leaving the bougie in 
situ. The well lubricated Procter-Livingstone tube was 
then passed over the bougie and was inserted through 
the stricture using the esophagoscope as a ‘‘pusher.’’ 
The expanded proximal end of the tube could be seen to 
sit snugly at the upper limit of the tumor. The bougie 
and then the esophagoscope were removed. Postopera- 
tive barium swallows confirmed the position and patency 
of the tube and its occlusion of the fistula (Figs. 2 
a and b). 

Two important points are: 1) To avoid the risk of per- 
forating the esophagus distal to the stricture or even the 





Fic. 2b. Lateral view of esophago-respiratory fistula before and 
after intubation with the Procter-Livingstone tube. 
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TABLE 1. Results of Intubation Using Celestin Tubes 


Number Deaths 


Type of 


Fistula Male Female Total No. Oc 


Esophago- 
tracheal 
Esophago- 
bronchial 3 — 3 | 33 


Esophago- 
pulmonary — — — — i 


Total 14 — 14 9 64 


stomach, we believe that the bougie should only tra- 
verse the length of the stricture. 2) Where no lumen is 
visible, directing the esophagoscope towards the normal 
position of the cardio-esophageal junction usually enables 
the bougie to pass without difficulty. 


Patients and Results 


Intubation was considered successful if the patient 
was discharged from hospital, swallowing satisfactorily, 
albeit with minor dietary modification. Death occurring in 
hospital irrespective of the exact cause, was considered 
to be a failure of intubation. 

There were 62 patients in the series, all with histo- 
logically proven squamous cell carcinoma. These can be 
conveniently divided into those who had the Celestin 
tube inserted and those who had the Procter-Livingstone 
tube (Tables 1 and 2). 

Group 1: Celestin Intubation. There were 14 patients 
in this group, all were males. Their ages ranged from 40 to 
75 years with a mean of 50.7. Eleven patients had a com- 
munication between the esophagus and the trachea and 
in three cases the fistula was esophagobronchial in type. 
Table 1 gives the percentages of these and also the 
mortality of the procedure. It will be seen that the mor- 
tality of 64.3% is unacceptable. There were no failures 
to intubate the tumor and no cases of tube migration. 

Group 2: Procter-Livingstone Intubation. There were 
48 patients in this group; there were 40 males and 
8 females. Their ages ranged from 23 years to 80 years with 
a mean of 51.6 years. In 28 cases the communication 
was between the esophagus and the trachea, and in 19 
cases between the esophagus and the bronchus, and there 
was one case where there was a direct communication 
between the esophagus and a large lung abscess. 
Table 2 shows the overall mortality in this group of 
patients to be 25% (14.3% in the case of esophago- 
tracheal fistulae and 36.8% in those cases with an 
esophago-bronchial fistula). 

In no case did we fail to intubate the esophagus. Apart 
from the death of the patient the main cause of failure 
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was proximal migration of the tube. This occurred in 
4 patients but in all 4 patients the tube was easily 
and successfully reinserted. In two patients early in the 
series, where a 10 cm tube was used, it was found to 
be too short to traverse the stricture and block off 
the fistula. Both were successfully changed to a 15 cm 
tube. 


Discussion 


Malignant esophago-respiratory fistula is an incurable 
disease and the aim of treatment is palliation. 

Radiation alone is contraindicated. Surgery requires 
major procedures which are of dubious value in a patient 
whose condition is already poor and whose life expecta- 
tion is only a few months. Intubation offers a quick, 
simple and effective method of palliation, with improved 
quality of life.* 

Intubation has been practiced for many years, based 
on the two principles of either traction or pulsion. 
The former method has the disadvantage of requiring 
laparotomy and gastrotomy with an increased morbidity 
and mortality and prolongation of the patients stay in 
hospital. Pulsion methods have been described using a 
variety of tubes and methods. ^*:12:1*!6 Al] agree that 
the palliation achieved is satisfactory. 

However most methods seem more complicated than 
necessary and in our experience the peroral insertion 
of the Procter-Livingstone tube takes only a few minutes 
to perform and enables the patient to be discharged 
from hospital within 3 to 4 days. It seems to be the 
ideal form of palliation of esophago-respiratory fistula, 
because by its tamponading effect, it seals the communi- 
cation between the esophagus and the respiratory tree,, 
with gratifying relief of respiratory distress. In our hands, 
Celestin intubation for esophago-respiratory fistulae 
has been associated with a prohibitive mortality. How- 
ever insertion of the Procter-Livingstone tube enabled 
75% of patients to leave hospital swallowing satisfac- 
torily. 

The difference in mortality in patients with fistula 


TABLE 2. Results of Intubation Using Procter-Livingstone Tubes 


Number Deaths 
Type of 
Fistula Male Female Total No. Ot 
Esophago- 
tracheal 23 5 28 4 14 
Esophago- 
bronchial 16 3 19 7 37 
Esophago- 
pulmonary l — . l l 100 


Total 40 8 48 12 25 


Vol. I85 e No. | 


between the esophagus and the trachea and those with 
fistula between the esophagus and the bronchus is prob- 
ably a reflection that in the latter cases, the disease 
has extended much further before invading the respiratory 
tree. 


Conclusions 


Celestin intubation for esophago-respiratory fistula has 
a prohibitive mortality. 

An alternative and simpler procedure using the Proc- 
ter-Livingstone tube is described. This has an acceptable 
mortality and successfully palliates the dysphagia and 
respiratory distress of patients with esophago-respiratory 
fistula. 


References 


I. Ammam, J. F. and Collis, J. L.: Palliative Intubation of the 
Oesophagus. Analysis of 59 Cases. J. Thorac. Cardiovasc. 
Surg., 61:863-869, 1971. 

2. Burrell. R. J. W., Roach, W. A. and Shadwell, A.: Esophageal 
Cancer in the Bantu of the Transkei Associated with Mineral 
Deficiency in Garden Plants. J. Nat. Cancer Inst.. 36:201— 
214, 1966. 

3. Celestin, L. R.: Permanent Intubation in Inoperable Cancer of the 
Oesophagus and Cardia: A New Tube. Ann. Roy. Coll. Surg.. 
25:165—170, 1959. 

4. Das, S. K. and John, H. T.: Oesophageal Intubation in Obstruc- 


ESOPHAGO-RESPIRATORY FISTULA 


91 


tive Lesions of the Oesophagus, Br. J. Surg.. 60:103—406, 1973. 


. Gordon, W.: Bypass for Malignant Obstruction of the Esophagus. 


Ann. Surg., 158:47—55, 1963. 


. Gunnlaugsson, G. H., Wychulis, A. R., Roland, C. and Ellis, 


F. H. Jr.: Analysis of the Records of 1,657 Patients with 
Carcinoma of the Oesophagus and Cardia of the Stomach. 
Surg. Gynecol. Obstet., 130:997— 1005. 1970. 


. Heafitz, M., Irarrazavai, M., Huebl, H. and Gibson, H.: A Simple 


Technique for Intubation of the Oesophagus for Fistulae and 
Obstructions. Chest, 65:359—360, 1974. 


. Kovarik, J. L.: Palliative Treatment of a Broncho-Oesophageal 


Fistula. J. Thorac. Cardiovasc. Surg., 46:252-255, 1963. 
Lowe, W. C.: Survival with Carcinoma of the Esophagus. Ann. 
Intern. Med., 77:915—918, 1972. 


. Mackler, S. A. and Mayer, R. M.: Palliation of Oesophageal 


Obstruction due to Carcinoma with a Permanent Intraluminal 
Tube. J. Thorac. Cardiovasc. Surg., 28:431, 1954. 


. Mousseau, M., Le Forestier, J., Barbin, J. and Hardy. M.: Place 


de l'intubation a demeure dans le traitement palliatif du cancer 
de l'oesophage. Arch. Franc. Mal. Appav. Dig., 45:208, 1956. 

Palmer, E. D.: Experiences with Management of Malignant 
Esophagorespiratory Fistula by Peroral Esophageal Prosthesis. 
Gastroent. Endoscopy, 17:12-16., 1970. 


. Procter, D. S. C.: Experiences with Oesophageal Intubation for 


Oesophageal Carcinoma, with a Review of the Literature. 
S. African Med. J., 37:967—974, 1968. 


. Souttar, H. S.: A Method of Intubating the Oesophagus for 


Malignant Stricture. Br. Med. J., 1:782, 1924. 


. Symonds, C. J.: The Treatment of Malignant Stricture of the Oe- 


sophagus by Tubage or Oral Catheterism. Br. Med. J., 1: 
870-871, 1887. 


. Weisel, W., Raine, F., Watson, R. R. and Frederick, J. J.: Pal- 


liative Treatment of Oesophageal Carcinoma: A Method and 
its Evaluation. Ann. Surg., 149:207—216, 1959. 


Progression and Resolution of Changes in Pulmonary 
Function and Structure Due to Pulmonary 
Microembolism and Blood Transfusion 
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It was the purpose of this research to define the progression over 
several days of changes in pulmonary function and structure and 
to document the phases of recovery following transfusions to 
dogs of sublethal quantities of stored blood containing micro- 
aggregates. Ten dogs underwent partial exchange transfusions 
averaging 60% of blood volume through standard blood trans- 
fusion filters. Average screen filtration pressure (SFP) of the 
blood was 85 mm Hg. Pulmonary hypertension did not develop, 
but there were striking decreases in O, consumption, increases 
in Q./Q, and decreases in Do.. Changes became progressively 
more marked over the first 48 to 72 hours after the transfusions. 
Pulmonary function of surviving animals returned nearly to 
normal by the sixth day after transfusions. Pathologic examina- 
tions of the lungs of animals sequentially sacrificed over 6 days 
showed intravascular microemboli, alveolar cell hyperplasia 
and interstitial and alveolar pulmonary edema. Progressive 
recovery was associated with progressive resolution of all detri- 
mental changes. In 6 animals exchange transfused 100% of 
their blood volumes through dacron wool (Swank) filters and 
in three control animals that were not transfused, there were 
no significant changes in pulmonary function or structure. 
These experiments define the progression of deterioration and 
recovery over 6 days of pulmonary function in dogs after sub- 
lethal pulmonary microembolism occurring during blood 
transfusion. 


ULMONARY MICROEMBOLISM occurring during blood 
transfusions has been implicated as an important 
cause of post-traumatic pulmonary insufficiency. 7:57 !9-- 
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12,755,212372325 The incidence of pulmonary insufficiency 
after transfusion seems to be reduced when dacron 
wool (Swank) blood transfusion filters are used.** 

Previous research from these laboratories demonstrated 
that when dogs received exchange transfusions of micro- . 
aggregate-rich blood amounting to twice their calculated ` 
blood volumes through standard blood transfusion 
filters they immediately developed pulmonary hyper- 
tension, increases in pulmonary arteriovenous shunting 
and decreases in oxygen consumptions.??? These acute 
changes in pulmonary function resulted in death of the 
animals within 12 hours, and pathologic studies verified 
the presence of large numbers of aggregates in their 
pulmonary microvasculature. Detrimental changes did 
not occur and all animals survived when similar quantities 
of stored microaggregate-rich blood were exchanged 
through dacron wool (Swank) transfusion filters. 

Even though acute pulmonary changes following blood 
transfusion have now been clearly defined, the progres- 
sion and resolution over several days of these changes 
has not been demonstrated when sublethal quantities 
of blood containing microaggregates are transfused and 
animals do not die. It was the purpose of this research 
to define whether progression and resolution of changes 
in pulmonary function and structure occur in animals 
transfused through standard blood transfusion filters 
with sublethal quantities of microaggregate-rich blood. 
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Materiais and Methods 


Prior to experiments canine blood for transfusion was 


“-: obtained from donor animals and stored for 5 days at 
` . 4° using methods previously described. ™!? 


Twenty-three mongrel dogs were anesthetized using 
intravenous sodium pentobarbital, 25 mg/kg. Each was 
ventilated with room air through an endotracheal tube 


using a Harvard respirator set at a rate of 12-14 cycles/ 


min and at a tidal volume of 20 ml/kg. Tidal volume was 
monitored using a spirometer (Wright’s respirometer, 
Mark XII). Muscle relaxation was maintained using 
pancuronium bromide (Pavulon) as necessary Appro 
mately 1 mg/hr). 

All experiments were performed using sterile tech- 
niques. À jugular venous cutdown was performed, and 
under fluoroscopic control, two catheters were passed 
into the pulmonary artery and into the right atrium. 
Two other wide-bore polyvinyl catheters were inserted 
through a groin cutdown into the femoral artery and 
into the femoral vein. 

Once each animal had stabilized while breathing 
room air, arterial and mixed venous O, saturations 
were measured using an oximeter (American Optical 
Company). Arterial and mixed venous pH, Pco, and 
Po, were determined using a pH/blood gas analyzer. 
Lactate and pyruvate concentrations were determined on 
arterial blood using enzymatic methods.?9?? Pulmonary 
artery and right atrial pressures were recorded con- 
tinuously. O, consumption (Vo,) was measured using 
an O, consumption analyzer (Oxford Instrument Com- 
pany, Jackson, Mississippi). 

Each animal was then allowed to breathe 100% O, for 
approximately 30 minutes until reproducible results in 


"the arterial and mixed venous pH, Pco,, Po, and O, 


saturations could be obtained. Pulmonary arteriovenous 
shunt (Q,/Q,) was calculated using the shunt equation. 
Diffusing capacitv for oxygen (Do,) was calculated 
using a modification of Bohr's steady state oxygen 
method.?::122 Alveolar/arterial O, tension difference 
[D(A-a)O,] was calculated with the animal breathing 
100% O,. 

The animals were then divided into three groups. 
Each animal in Groups I and II was transfused with 
the previously stored blood after filtration through 
either standard (Group I) or dacron wool (Group II) 
blood transfusion filters. Group HI animals were not 
transfused and served as controls. 

Immediately prior to transfusion, each blood bag 
was warmed gently to 37? in a water bath and inspected 
to insure the absence of blood clots. 

The screen filtration pressure (SFP) was determined 
on the donor blood both before and after filtration.?* 
pH and lactate and pyruvate concentrations were also 
determined after filtration. 
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Group I. Transfusion Through Standard Blood 
Transfusion Filters 


Fourteen animals divided into two subgroups under- 
went exchange transfusions using stored blood filtered 
through standard blood transfusion filters (Cutter Safti- 
filter blood administration set, 865/08; Cutter Labora- 
tories, Inc., Berkeley, California 96710). Blood volume 
of each animal was assumed to be 1096 of its body weight. 

Subgroup A. In four animals exchange transfusions 
equalling 100% of calculated blood volumes were carried 
out. Stored blood was transfused in 50 ml aliquots into 
the femoral vein simultaneously with the removal of 
50 ml aliquots from the femoral artery. A volume of 
blood equal to that removed for the various sampling 
procedures was replaced during this period. Care was 
taken. to avoid producing changes in blood volume and 
either overloading the circulation or producing hypo- 
volemia. The average time necessary to complete each 
exchange transfusion was 30 minutes. 

Once transfusions were completed, animals were 
allowed to stabilize while breathing room air. Vo, and 
arterial and mixed venous pH, Pco,, Po, and O, satura- 
tions were determined again. Lactate and pyruvate 
concentrations were determined on arterial blood. 
Animals were then allowed to breathe 10096 O, until 
measurement of the previous parameters gave reproduc- 
ible results. Q,/O, Do, and peas were calculated 
using these data. 

All vascular catheters were removed and the wounds 
closed in layers. When possible animals were weaned 
from the respirators and returned to their cages. All 
in this subgroup died shortly after completion of the 
transfusions, and no further physiologic tests could be 
done on them. Samples of lung tissue were obtained 
from each for histological examination. 

All samples of lung tissue were fixed in 10% formalin, 
embedded in paraffin and sections were stained with 
hematoxylin and eosin, periodic-acid-Schiff (PAS) and 
Verhoeff-van Gieson stains. 

Subgroup B. Since all animals in subgroup I A died 
shortly after completion of 100% exchange transfusions, 
smaller volumes of stored blood were transfused to 
the 10 animals in subgroup I B so that progressive 
changes could be studied. The average volume of blood 
exchanged was 60% and ranged between 35% and 78% 
of calculated blood volumes. In general a smaller volume 
was exchanged when SFP of the transfused blood was 
high and vice versa. 

On the first day of each experiment the protocol fol- 
lowed was the same as that for subgroup I A. Two days 
later (48 hours) animals were again anesthetized. Using 
the techniques described, necessary vascular catheters 
were reinserted. Previously mentioned parameters were 
again determined both on room air and after stabilization 
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TABLE 1. Postfiltration Average pH, and Lactate and Pyruvate 
Concentrations of Blood Used for Transfusion 








Lactate Pyruvate 
pH mg/100 ml mg/ 190 ml 
Standard filter 7A & O 63 + 17 Ls * 1.1 
Dacron wool (Swank) 
filter 7.13 = 07 71 4 12 1.4 + 0.79 





on 100% O,. Four of the 10 animals were then sacri- 
ficed and samples of lung tissue were obtainec for 
histological examination. 

The following day (72 hours) the 6 surviving animals 
were re-anesthetized and studies repeated. One of these 
animals was then sacrificed and lung tissue fixed for 
histological study. 

On the fifth day (120 hours) one animal died of pul- 
monary insufficiency. Lung tissue was submitted for 
pathologic examination. 

On the sixth day after transfusion (144 hours» the 
4 remaining animals were re-anesthetized and studies 
repeated. These 4 animals were then sacrificed and lung 
tissue obtained for histological examination. 


Group II. Transfusion Through Dacron Wool (Swank) 
Blood Transfusion Filters 


Six animals underwent the experimental procedure as 
described for those animals in Group I; however, all 
stored blood was transfused through dacron wool ñlters 
(Swank Blood Microemboli Filter, IL 200, Extracorporeal 
Medical Specialties, Inc., King of Prussia, Pennsylvania 
19406). All underwent exchange blood transfusions with 
volumes equivalent to 100% of their calculated blood 
volumes. 


Forty-eight hours after transfusion, physiologic studies | 


were repeated on all 6 animals. Four were then sacri- 
ficed and lung tissue obtained for histologic examination. 

The two remaining animals were re-anesthetized 72 
hours and 6 days after transfusion and studies repeated. 
These 2 animals were then sacrificed. 


Group III. Control Animals —No Transfusion 


Three animals served as controls. Each underwent 
the full protocol as described for Group I animals. How- 
ever, no exchange transfusions were performed, and 
all were sacrificed 48 hours later. 


TABLE 2. Average SFP Before and After Filtration of Blood Used 
for Transfusions (mm Hg) 








Before After 

Filtration Filtration 

Standard filter 233 Æ 139 85 x 347 
Dacron wool (Swank) filter 270 + 145 7 =a 





* P < 0.0005. 
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Results 


There were no significant differences between average 
pH and lactate and pyruvate concentrations in the blood 
transfused to the animals in either Group I or Group II 
(Table 1). Average SFP of the blood after filtration 
through the standard blood transfusion filters remained 
elevated while that of the blood filtered through the dacron 
wool (Swank) filters returned to normal (Table 2). 


Group I. Standard Filter 


Subgroup A. Changes in both pulmonary function 
and structure were identical to those noted in previously 
reported research.?? After 100% exchange transfusions 
the following physiologic changes were observed: 1) 
pulmonary artery hypertension; 2) decreased V0»; 
3) metabolic acidosis; 4) increased Q,/Q,; 5) decreased 
Do,; and 6) increased D(A-a)O,. 

All animals died shortly after transfusion. Pathological 
examinations confirmed the presence of numerous PAS 
positive pulmonary microemboli in association with 
generalized interstitial and alveolar edema and foci 
of atelectasis and hemorrhages. 

Subgroup B. When exchange transfusions averaged 
60% of blood volume, slight changes in average pul- 
monary artery and right atrial pressures were noted 
immediately after transfusion and 48 hours later; these 
were not statistically significant (Table 3). However, 
average Vo, decrease, Q,/Q, increase, Do, decrease and 
D(A-a)O, increase were all highly significant. Average 
arterial pH fell and lactate and pyruvate concentrations 
increased immediately after transfusion but all had 
returned to normal 48 hours later. : 

In the 6 animals that were followed for more than 
48 hours, Q,/Q, increase and Vo, decrease peaked 
between 48 and 72 hours after transfusion (Fig. 1). One 


TABLE 3. Changes in Physiologic Parameters after Transfusion 
through Standard Blood Transfusion Filters 











48 Hours 
Pre-tx. Post-tx. Post-tx. 
Pulmonary artery pressure 
(mm Hg) 423.1 15.5 € 4.4 16.0 + 4.8 
Right atrial pressure (cm H,O) 2.3 + 1.1 2.2 + 0.9 204 L4 
Vo, (ml/min) 91+ 14 78 + 127 69 + 9! 
QJQ, (%) 11.4+1.4 14.9+2.9§ 19.4 + 2.6' 
Do, (ml/min/mm Hg) 6522.0 46+15f 43-171 
D( A-a)o, (mm Hg) 147 + 45 186 + 47* 214 + 408 
Arterial pH 7.37 + -04 7.30 + .05§ 7.36 + .06 
Arterial Pco, (mm Hg) 36.47 39 + 9 36:5 
Arterial Po, (mm Hg) 105 + 20 96 + 16 96 + 13 
Arterial lactate (mg/100 ml) 14+ 6 28 + 14i 15 29 
Arterial pyruvate (mg/100 ml) 323 12 ASt UE. 19 
* P « 0.05 $ P « 0.0025 
* P< 0025 ! P < 0.0005 


iP « 0.01 
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animal died of respiratory failure on the fifth post- 
transfusion day before tests could be performed. In the 
animals that were followed for 6 days after transfusion, 
pulmonary function had returned nearly to normal by 
that time. 

Lung sections from animals sacrificed 48 hours after 
transfusion showed moderate interstitial edema and 
several PAS positive emboli in the pulmonary micro- 
vasculature, mainly at the level of the capillaries 
(Fig. 2). Focal atelectasis, hemorrhage and alveolar 
cell hyperplasia were also seen. Seventy-two hours 
after the interstitial edema had decreased appreciably, 
and no emboli were found. The lungs of dogs sacrificed 
6 days after transfusion (144 hours) were normal in 
appearance except for a mild interstitial polymorpho- 
nuclear infiltrate and occasional localized foci of inter- 
stitial edema. 

The lungs from the animal that died of pulmonary 
insufficiency 5 days after transfusion were markedly 
edematous with both interstitial and alveolar edema 


PULMONARY RESPONSE TO TRANSFUSION 
23 
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(%) *° 
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(% change) 
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Days 


Fic. 1. Pulmonary response to blood transfusion. When a limited 
quantity of blood with an elevated screen filtration pressure was 
infused to dogs through standard blood transfusion filters, a marked 
increase occurred in pulmonary arteriovenous shunting. This led 
to a decrease in total body O, consumption. Changes appeared to 
be most severe 48 to 72 hours after the transfusions, and one animal 
died on the fifth day after transfusion before pulmonary function 
tests could be repeated. In the survivors pulmonary function had 
returned almost to normal by the sixth post-transfusion day. 
Detrimental changes did not occur when dacron wool (Swank) blood 
transfusion filters were used. 
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FIG. 2. 
through standard blood transfusion filters to show the sequence 
of changes in pulmonary structure beginning 48 hours after transfusion 
and continuing until 6 days after transfusion. Forty-eight hours after 


Representative sections from the lungs of dogs transfused 


transfusion (top, left and right), there was alveolar septal widening 
and interstitial edema. Microemboli (arrows) were also seen, mainly 
in the capillaries. Seventy-two hours after transfusion (lower left) there 
was focal interstitial edema. Six days after transfusion (lower right) 
a mild polymorphonuclear infiltrate was noted in the interstitium 
(A & B- PAS x 210; C & D — H & E x 290). 


(Fig. 3. Numerous PAS positive emboli plugging dis- 
tended vessels was a prominent feature. 


Group II. Dacron Wool (Swank) Filters 


Average pulmonary artery and right atrial pressures, 
V0», Q,/Q;, Do, and D(A-a)O, did not change significantly 
either immediately after transfusion or 48 hours later 
(Table 4). The average arterial pH fell and lactate and 
pyruvate concentrations rose immediately after trans- 
fusion, but all had returned to normal 48 hours later. 

Two animals were followed for 6 days. No significant 
physiologic changes were noted at the end of that period. 

Pathologic examination of the lungs of the animals 
sacrificed 48 hours after transfusion showed several 
focal aggregates of inflammatory cells. Edema, alveolar 
cell hyperplasia, and pulmonary microemboli were 
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Fic. 3. Representative lung section from dog that died on the fifth 
day after transfusion through standard blood transfusion filter. There 
were marked pulmonary and interstitial edema and compensatory 
dilatation of alveoli. PAS positive emboli (arrows) filled the distended 
microvasculature (PAS x 110). 


conspicuously absent. Only five small intravascular 
microemboli were found in the numerous sect»ons 
examined. The lungs of the two animals sacrificed 6 days 
after transfusion were histologically normal. 


Group III. Controls —No Transfusion 


There were no significant changes in any of the 
physiologic parameters measured. 

Pathologic examination of the lungs revealed no 
edema or alveolar cell hyperplasia. Two small micro- 
emboli were found in the lungs of one animal. 


Discussion 


In earlier experiments in these laboratories, le:hal 
exchange blood transfusions of twice blood volume 
were performed in dogs using microaggregate-rich blood 
passed through standard transfusion filters.?!? As a result 
the animals almost immediately developed physiologic 
and anatomic changes characteristic of post-traumatic 
pulmonary insufficiency. In the present research the same 
effects were noted when animals underwent exchange 
transfusions amounting to 10096 of blood volume through 
standard transfusion filters (Group I, subgroup A). 
Administration of smaller sublethal volumes of stcred 
blood allowed documentation of the progression and 
study of the resolution over several days of these pul- 
monary changes (Group I, subgroup B). 

Since the number of microaggregates administered to 
subgroup I B was not as great as that administerec to 
subgroup I A, pulmonary hypertension did not develop. 
The other detrimental changes in pulmonary function 
occurred immediately after the transfusions and became 
progressively more severe during the next 48 to 72 hours. 
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In one experiment pulmonary function deteriorated so 
severely that the animal subsequently died. In the 
remainder, however, changes became progressively less 
severe and by the sixth day pulmonary functions had 
returned almost to normal. Changes in pulmonary 
physiology after transfusions were of high statistical 
significance (Table 3) and correlated with pathologic 
changes in the lungs. Even though the changes in 
pulmonary function and structure were striking, com- 
pensatory mechanisms were adequate, and recovery of 
most animals appeared likely prior to their sacrifice. 

Adverse pulmonary effects were not observed when 
microaggregates were removed from the transfused 
blood by use of dacron wool (Swank) blood transfusion 
filters (Group II) or when animals received no trans- 
fusions (Group III). Pathologic examinations of the 
lungs in all Group II and Group III animals were normal, 
and all survived the experiments apparently without 
ill effects. 

In order to determine if the increases in Q,/Q, observed 
in Group I were related to the degree of microemboliza- 
tion, change in Q/Q, in each animal after transfusion 
was correlated with the "quantity" of microaggregates 
administered to that animal (Fig. 4). The latter value was 
derived by adding the product (SFP x per cent of total 
blood volume) for each aliquot of blood administered 
to each animal; e.g. an animal in Subgroup I A with a 
calculated blood volume of 1,320 ml was given three 
different aliquots of blood, each of which was calculated 
to be equivalent to 44%, 19% and 37% of the animal’s 
total blood volume. Post filtration SFP of these aliquots 
were 35 mm Hg, 255 mm Hg and 75 mm Hg respectively. 
Thus (4496 x 35 mm) + (19% x 255 mm) + (37% x 75 
mm) = 9,160 ‘‘units’’ of microaggregates. This quantita- 
tive value derived for each experiment, correlated directly 
with the observed change in Q,/Q, in that respective 
experiment and statistical significance was high (P 
< 0.001). 


TABLE 4. Changes in Physiologic Parameters after Transfusions 
through Dacron Wool (Swank) Blood Transfusion Filters 


48 Hours 
Pre-tx. Post-tx. Post-tx. 
Pulmonary artery pressure 
(mm Hg) i1 € 435 15. xk MJ 15.7 & 3.1 
Right atrial pressure (cm HO) 2.0 — 1.8 1.8 + 41.5 14 € 135 
Vo, (ml/min) 88 + 21 89 + 22 92 + 20 
Q/Q, (%) IZ8 € L2 1L7T 1.9 12:7 = 1.7 
Do, (ml/min/mm Hg) 43x44 6:5 20 6.6 + 1.4 
D(A-a)o, (mm Hg) 134 + 23 125 = 37 148 + 32 
Arterial pH 7.94: 0005 (72.23 OF — 7.37 x 96 
Arterial Pco, (mm Hg) 41 —-9 40 —-9 35 45 
Arterial Po, (mm Hg) 104 + 12 108 + 16 106 + 13 
Arterial lactate (mg/100 ml) iy 23 44 + 177 16 + 6 
Arterial pyruvate (mg/100 ml)  .39 + .35 1.48 + 1.24* 53 + 232 
* P< 0.05 +t P < 0.0025 iP « 0.0005 
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In the previous experiments animals developed 
metabolic acidosis immediately after transfusions.!! 
Even though similar quantities of blood were administered 
the acidosis was more severe in those animals trans- 
fused through the standard transfusion filters than in 
those transfused through the dacron wool (Swank) 
filters; in the present experiments the same was true. 
In this research the pH of the blood used in Groups I 
and II was essentially the same. However, much larger 
quantities of acidotic stored blood were administered 
to Group II animals than to animals in subgroup IB. 


: Thus, metabolic acidosis was more severe in Group II 


than in subgroup I B. This effect was transient in 
both groups and had completely resolved within 48 
hours. 

These experiments confirm that microembolism of 
ageregates can cause progressive as well as acute 
deterioration in pulmonary function and that recovery 
is possible when the initial insult is limited. Quite 


possibly, progressive unremitting deterioration may 


supervene through a chain of events characterizing a 
"vicious cycle" (Fig. 5). Occlusion of the pulmonary 
microvasculature and direct damage to the pulmonary 
capillary endothelium probably constitute the initiating 
mechanisms. 

Occlusion of the pulmonary microvasculature is due 
in large part to mechanical blockage by the micro- 
ageregates. Proximal arteriovenous shunts open and 
deoxygenated blood enters the pulmonary veins and 
the systemic circulation producing hypoxia. When the 
administered microaggregate load is sufficiently great, 
pulmonary hypertension develops. As pulmonary shunt- 
ing increases, hvpoxia becomes progressively more 
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Fic. 4. Relationship between changes in pulmonary arteriovenous 
shunting (Q,/Q,) and degree of pulmonary microembolization during 
blood transfusion. There was a direct correlation between the 


absolute per cent change in Q,/Q, and the quantity of microaggregates 
administered (r? = 0.71). 
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Fig. 5. “Vicious cycle” that may be initiated by transfusion through 
standard filters of stored blood containing microaggregates. 


severe. Opening of the arterioenous shunts also leads 
to an increase in the pressure at the venous end of the 
pulmonary capillaries and interstitial pulmonary edema 
develops (Starling's law of capillary pressure). This inter- 
stitial edema enters the alveoli and alveolar pulmonary 
edema further inhibits oxygenation. 

Other factors may also be of importance. Serotonin, 
a powerful vasoconstrictor, is present in high concen- 
trations in platelets and may be released by disintegrating 
platelets directly into the pulmonary microvasculature. 

Microaggregates may also damage the pulmonary 
membrane directly by release of lysosomal enzymes, 
the active ingredient of intracellular lysosomes. Dis- 
integrating leukocytes and platelets in the microag- 
gregates or, alternatively, damaged cells in the pulmo- 
nary membrane, may be the source of this lytic mate- 
rial.?1^2? The damaged alveolar membrane then allows 
fluids, proteins and red cells to leak into the interstitial 
spaces and alveoli and inhibit oxygenation still further. 

Increased pulmonary shunting and transudation from 
pulmonary capillaries lead to decreased perfusion of 
alveolar lining cells, anoxia of the granular pneumono- 
cytes, and subsequently, impaired phospholipid synthesis 
and surfactant production. !? Furthermore, pulmonary 
transudates and exudates such as pulmonary edema, 
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blood and plasma inactivate surfactant.?92125 Inactivation 
of surfactant and impairment of its synthesis result in 
an unstable alveolus and lead to alveolar collapse, 
atelectasis and further transudation. The result is further 
inequalities in ventilation:perfusion, a further increase in 
the right to left pulmonary shunt and even more severe 
hypoxia. 

Atelectatic lung tissue is more prone to develop infec- 
tion than is the tissue of normal lung. When such occurs 
further damage to the pulmonary membrane, further 
transudation, etc. may result. Since collapsed alveoli 
mechanically interfere with capillary blood flow, atelecta- 
sis may also increase pulmonary vascular resistance.2” 

Alveolar macrophages have a high level of aerobic 
glycolysis, and particle uptake is inhibited by low O, 
tensions.'® Thus, in the presence of hypoxia, pulmonary 
infection becomes more likely. When such occurs further 
pulmonary damage, atelectasis, and ultimately, more 
severe hypoxia are produced. 

By causing pulmonary vasoconstriction, an increase 
in capillary permeability? and further. intra-alveolar 
‘transudation, hypoxia enhances many of the pathologic 
processes. in progress. Gradually. hypoxia resulting 
from this ''vicious cycle" becomes increasingly more 
» severe until it becomes refractory to treatment. — 


«< Barlierresearch demonstrated that.detrimental changes , 
es ocetirring” after. transfusion of*blood. containing’ micro- 


"aggregates can.be completely prevented by using dacron 
': wool (Swank) transfusion filters to remove the micro- 
- aggregates.^!? "This. has -again been confirmed. It has 
also- been clearly demonstrated that pulmonary changes 


- caused. by transfusion. of smaller quantities of micro-. 


‘ageregate-rich blood through standard filters may lead 
to pulmonary complications that are not immediately 
fatal. .. 

Indeed, if the lungs' abilities to.respond to physiologic 
stress have not been. previously compromised, external 
signs of respiratory abnormalities may not be evident, 
and sophisticated physiological measurements may be 
necessary to demonstrate changes that have been 
induced. In patients with previously existent lung disease 
who suffer severe traumatic injury, the situation may 
rapidly become more critical. When other factors, such 
as pulmonary contusion, fat emoblism, atelectasis, etc. 
are additive then progressive pulmonary insufficiency 
may result. 

. When fresh blood or plasma or platelet concentrate 
is being administered for the treatment of a bleeding 
disorder, use of any sort of blood transfusion filter is 
frequently contraindicated. It is the opinion of the 
authors that; with the previous exception, unless SFP 
determinations have previously demonstrated the blood 
to be free of microaggregates, any transfusion to any 
patient in any amount for any reason should be admin- 
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istered through an effective micropore blood transfusion 


. filter. Because of an increased number and concentration 


of microaggregates in stored packed.cells, use of micro- 
pore filters is indicated even more strongly when this 
blood component is given.? To do otherwise constitutes 
an unnecessary and potentially serious hazard to the 
patient. 

Presently, there are five principal types of micropore 
blood transfusion filters commercially available. Even 
though one may function more efficiently than the others, 
all remove large quantities of microaggregates.*?-33 
None appear either to cause more red cell damage or 
to remove more elements from the filtered blood than 
do standard filters. 

- The dacron wool (Swank) filter has a high flow rate 
and effectively removes all microaggregates from at 
least four units of whole blood either during gravity 
flow or pressure infusion. The polyester mesh (Pall) 
filter has a high flow rate during flltration of up to 7 units 
of blood. However, numerous small aggregates pass 
through this filter, and it appears to be even less effective 
during infusion of blood under presure. The polyuretháne 
(Bentley) filter effectively removes microaggregates but 
becomes. occluded after filtration of only one or two 


units of blood. Fhe nylon wool— polyurethane (Fenwal) 
filter also’: soccludes: rather early and has a diminished 
"flow rate; The: Intersept (Johnson and Johnson) filter may 


offer a:combination of favorable characteristics of the 


previous: four. filters. However research on this filter has 


not been adequate. 


$m. 
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Smoke, Burns, and the Natural History of Inhalation 


Injury in Fire Victims: 


A Correlation of Experimental and Clinical Data 


BRUCE E. ZAWACKI, M.D., RALPH C. JUNG, M.D., JEANNE JOYCE, A.S., ENRIQUE RINCON, M.D. 


Mortality and morbidity in fire victims is largely a function of 
injury due to heat and/or smoke. While degree and area of 
burn together constitute a reliable numerical measure of cutaneous 
injury due to heat, as yet no satisfactory measure of inhalation 
injury has been developed. In this study, with fluid resuscitation 
and pulmonary infection eliminated as variables, dose-response 
curves were constructed as a measure of inhalation injury by 
exposing burned and unburned animals to smoke of constant 
temperature and toxicity under conditions similar to the fire 
situation. In these animals, the natural history of inhalation 
injury: 1) proved to be a relatively simple function of smoke 
and burn dosage; 2) appeared to simulate and therefore aid 
interpretation of the inhalation injury syndromes seen in human 
fire victims; 3) indicated that within limits [COHgb| measured 
immediately after injury was directly proportional to. and 
might prove to be a clinically valuable measure of, absorbed 
dose of smoke. While fluid resuscitation and pulmonary con- 
tamination with bacterial pathogens may be elim nated 
experimentally, such is not the case with the vast majority of 
fire victims admitted to burn services with associated inhzlation 
injury. Fluid resuscitation and inhalation of a Pseudomonas 
aeruginosa aerosol were therefore included serially in a study 
of animals with inhalation injury and burns large enough to 
require fluid resuscitation. In these animals it was demonstrated 
that: 1) pulmonary edema occurred in association with too 
little rather than too much fluid therapy; 2) after aerosol inocula- 
tion, fatal bacterial pneumonia was difficult to produce when 
inhalation injury was associated with no or only small burns, 
but common when associated with a burn large enough to require 
fluid resuscitation. 
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B ECAUSE THE EFFECTS of heat have been measurable 
for so long, our understanding of fire and burns is 
really quite advanced. The science of thermodynamics 


has become extremely sophisticated during the 300 years* 


since Galileo first measured temperature; our clinical 
understanding of burn injury has expanded tremendously 
since we learned how to measure the per cent of body 
surface area burned. 

In contrast, smoke and injury due to inhalation were 
not even recognized as major threats to fire victims 
until the Cocoanut Grove fire in 1942. Since that time, 
we have learned relatively little about either, in part 
because adequate measures of smoke and of inhalation 
injury have yet to be developed, and in part because 
variables such as fluid resuscitation and pulmonary 
infection greatly complicate clinical investigation. 

In the present study we have tried to elucidate the 
natural history of inhalation injury in fire victims by 
correlating it with animal experiments in which both 
burn and inhalation injury were numerically quantified 
and both fluid resuscitation and pulmonary infection 
were controlled or eliminated as variables. Although 
rarely if at all mentioned in past studies of this subject, 
this work emphasizes how much worse the prognosis 
of inhalation injury becomes when the fire victim also 
receives a major burn. 
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Materials and Methods 


Because they are free of pulmonary infection and 
readily available, the animals used were 9-week-old, 
barrier raised, specific-pathogen-free AJ strain male 
mice weighing 21.6 + 2.2 gm (mean + 1 standard devia- 
tion. Though not ''germ free," contamination by 
pathogens was avoided before and after burning, 
smoke exposure, etc. by housing the.animals in Trexler- 
type inflatable vinyl chambers, plenum-ventilated with 
filter-sterilized air. 


Cutaneous Burns and Fluid Resuscitation 


With the animals’ trunk hair closely clipped, and 
under methoxyflurane inhalation anesthesia, all burns 
in this study =20% of the body surface area (BSA) were 
inflicted by removing a 120 gm brass block from 100° 
water and immediately applying its 3.61 cm? burning 
surface to the back of each animal for 5 seconds. The 
resulting burn occupied a mean of approximately 5% 
BSA.® Burns larger than 5% BSA were inflicted by 
an appropriate number of applications of similar brass 
blocks to the back, flanks, and/or abdomen. Although 
animals regained consciousness within minutes, a 2-hour 
recovery period was allowed before further experimenta- 
tion. Of untreated animals injured only by receiving 
100°, 5-second burns of 5, 10, or 20% of the body surface, 
0%, 17%, and 83% respectively were dead within 2 
weeks. Because these mortality rates were not improved 
by parenterally administered resuscitation with 0.9% 
sterile ‘saline solution equivalent to 10% or 20% of the 
body weight (BW), fluid resuscitation was not given 
and was therefore eliminated as a variable when this 
type of burn was used. “Sham burn" animals under- 
went a '"burning" procedure identical to that described 
above except that brass blocks were kept in water at 
room temperature (23°) prior to application. Animals 
with “‘no burn’” received no anesthesia and no burn 
prior to smoke exposure. 

To simulate in mice a large human but responsive 
to fluid resuscitation,??9 brass blocks were heated to 
only 70° before application.for 4 seconds to 25% BSA 
in methoxyflurane anesthetized mice. In this study, all 
burns of 25% BSA were inflicted in this way and included 
all areas caudal.to the axillae except the tail, lower 
extremities, and genitalia. With ‘no fluid resuscitation, 
44% of such animals died within 24 hours and none 
died during the 2 weeks thereafter. Mortality rate was 
reduced to nil in these animals when a volume of 0.9% 
sterile saline equivalent to 10% or 20% BW was injected 
early postburn using the combined IP and/or SC route 
described by Markley.?? With fluid resuscitation equiva- 
lent to 30% BW, mortality rate was 0% at 24 hours, 8% 
at 1 week, and 33% at 2 weeks postburn (PB). 


INHALATION INJURY IN FIRE VICTIMS 


101 
Smoke Generation and Inhalation Procedures 


Because of the fire environment's great complexity,” 
we may never know which components of its atmosphere 
are responsible for inhalation injury in those who breathe 
it. In such multivariable situations, however, useful 
information may often be developed from analysis of 
experimental dose-response curves, even without knowl- 
edge or measurement Of specific agents. Data from 
experimental domestic fires suggest that during the 6—12 
minutes following ignition, atmospheric temperature 
and O,, CO,, and CO content within the fire environment 
change relatively little within ranges which are tolerable 
for brief periods.9)9!? After this interval, typically, 
these environmental variables change precipitously 
toward levels incompatible with life for more than a 
few seconds. To approximate the fire situation, therefore, 
and make smoke dosage proportional only to duration 
of exposure, for periods of no more than 12 minutes, 
animals had to be placed in (not separated by heating, 
cooling, or condensing tubing from) a chamber where 
smoke was being generated at a temperature and with 
an O,, CO,, and CO content similar to that observed 
in the early stages of experimental fires. A search of 
the literature revealed no description of an apparatus 
capable of generating smoke to these specifications and 
therefore, a special machine had to be developed (Fig. 1). 
It consisted of a stainless steel 12-sided cylinder-like 
container with an exhaust and three viewing ports at 
its top and 12 animal-insertion locks in its upper third. 
In its base was mounted a constant velocity turntable 
exposing the material to be used as fuel for smoke 
production to a copper bar thermostatically controlled 
at a given temperature. As cellulose and cellulose- 
containing materials are the single most common. fuel 
in house fires,/?77?75 in these studies a single lot of 
crude cotton (70% cotton and 30% linters) of the type 
used to fill mattresses: and overstuffed chairs was 
brought into contact with the copper bar and heated 
to 400 + 4? at a rate of approximately | gm per minute. 
The turntable progressively exposed only new material to 
the copper bar and extinguished the smoldering material 
shortly thereafter. It was this arrangement which provided 
for continuous generation of smoke of essentially con- 
stant content. A 4 liter/minute flow of air was directed 
past the heating bar and over a single baffle mounted 
at the base of a vertical flue located in the center of 
the 12-sided chamber. As smoke moved up the flue, an 
electrically ‘heated coil mounted in the flue. thermo- 
statically maintained the smoke at a desired temperature 
as measured near the animals’ noses. Complete mixing 
was assured by a nonpropulsive fan mounted in the 
flue, and just above this, the animals’ noses were 
directed into the flue by holding the animals virtually 
immobile but able to breathe with ease in well vented 
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plastic chambers inserted through the animal ports. 
To avoid excessive heating of the turntable during smoke 
generation, a coil of water-cooled copper tubing was 
placed over the turntable and separated from smoke 
by an asbestos insulator. The motors driving the turntable 
and fan were powered electrically and sterilizable, as 
were all components of the system. 

Aliquots of smoke collected in glass under mercury 
were taken immediately before and after each exposure 
of 12 animals or less and measured for O, and CO, content 
using a Sholander micro-gas analyzer.?" Collected at the 
same time in rubber bags from which CO loss per hour 
was barely if at all detectable, larger aliquots of smoke 
were measured for carbon monoxide content us. ng an 
infrared CO analyzer within two hours of collection. 
For measurement of CO hemoglobin content [CO Hgb], 
heart blood was drawn from groups of three mice within 
three minutes after smoke exposure and pooled; re- 
frigerated and guarded from exposure to air, the pooled 
samples were analyzed within two hours for [COHgb] 
using a spectrophotometer.'® 

With smoke generated as described above, animals 
were exposed to smoke of 85 + 2° with an O,. COs, 
and CO content similar to that observed in the first 
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Fic. 1. Cross sectional 
diagram of inhalation cham- 
ber used to generate smoke 
of effectively constant tem- 
perature and toxicity. 
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several minutes of experimental house fires.9? O, content 
of smoke (mean+1 standard deviation) was 19.70 
+ (0.39% measured just prior to exposure and 19.54, 
+ 0.479€ measured just after. For CO, the corresponding 
values were 0.94 + 0.24% and 1.07 + 0.2376; for CO 
they were 0.19 + 0.03% and 0.19 + 0.04%. 

When appropriate, pulmonary inoculation with a 
murine derived strain of Pseudomonas aeruginosa Was 
carried out one day after exposure to smoke and/or 
burn by placing the animals in a chamber through 
which an aerosolized broth culture of bacteria was 
circulated for one hour.’ Approximately 2 x 10? organ- 
isms could be cultured from each lung of a normal animal 
sacrificed immediately after inoculation in this way. 


Experiments 


Relation of Smoke and Burn Dosage to Mortality 
and Morbidity. Animals were divided at random into 
four groups: 1) 5% BSA burn-smoke exposure; 2) 10% 
BSA burn-smoke exposure; 3) no burn-smoke exposure; 
4) sham burn-smoke exposure. Because parenteral fluid 
resuscitation had been shown to be without therapeutic 
effect in burns of this type, none was given. Within 
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each experimental group, subgroups of no less than 6 
animals were exposed to smoke for periods varying 
from 2 to 12 minutes in duration. Thereafter, mortality 
rate, activity, and evidence of respiratory distress 
(labored and/or gasping respirations) were noted at least 
daily during the subsequent two weeks. Fixed in an 
expanded condition after transtracheal injection of 
fixative solution, both lungs were examined histologically 
in all animals surviving two weeks and in a third of 
animals surviving to leave the chamber but dying during 
the two week followup period. 

Fluid Resuscitation in Large Burns Associated with 
Inhalation Injury. Clinically, only fire victims with 
large burns require fluid resuscitation, and as will be 
described below, they typically develop "delayed onset" 
respiratory distress after inhalation of what appears 
to be relatively low doses of smoke. In this experiment, 
therefore, pathogen-free animals with 25% BSA burns 
were exposed to a relatively low smoke dosage of 4 
minutes and resuscitated?? with 0.9% sterile saline 
using one of three fluid regimens: 1) usual fluid therapy 
(equivalent to 10% BW); 2) no fluid therapy; or 3) 
excessive fluid therapy (equivalent to 30% BW). Each 
group was followed for 2 weeks and the lungs of animals 
dying during that period were examined histologically. 

Exposure to Airborne Bacterial Pathogens After 
Inhalation Injury. Clinically, whether burned seriously 
enough to require fluid therapy or not, patients with 
inhalation injury regularly have their air passages 
contaminated with nosocomial pathogens, especially 
if an artificial airway is used. Therefore, the effects of 
inhaled bacteria on pulmonary histology were demon- 
strated as follows: Using groups of no less than 12 animals, 
a 4-minute smoke exposure was given to animals with 
a small (5% BSA) burn or a large (25% BSA) burn with 
only the latter receiving resuscitation fluids equivalent 
to 1076 or 3076 BW. One day later, these animals together 
with a group of normal animals were exposed to 
aerosolized P. aeruginosa for 1 hour and both mortality 
rate and serial pulmonary histology determined thereafter. 


Results 


Relation of Smoke and Burn Dosage to Mortality and 
Morbidity. After exposure to smoke for periods of from 
2 to 12 minutes, mortality rates in animals with no burn. 
sham burn, 5% BSA burn, or 10% BSA burn were as 
shown in Fig. 2. With dose plotted on a logarithmic 
scale, and response plotted on a probit scale, the data 
described nearly straight lines. This linear relation of 
response to duration of smoke exposure established 
the smoke generated as being of constant toxicity and 
allowed determination of an approximate LD., for each 
experimental group." 

In general, animals with no burn either died in the 
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Fic. 2. The relation between dose (duration of exposure to smoke) and 
response (per cent of smoke-exposed animals dying within 2 weeks) in 
animals with no or sham burn, and animals with burns of 5% or 10% 
BSA. Indicated by arrows, the LD;, of each group differs significantly 
(P < 0.001) from the others indicated.* 


smoke chamber or emerged and did well; delayed deaths 
in animals with no burn occurred only occasionally 
and with rare exceptions only at their LD5, smoke dosage 
of 8 minutes. In contrast, at smoke dosages of equal 
or less than 9 minutes, delayed death was the rule in 
burned animals with 95% of those dying doing so only 
after they had left the smoke chamber. While sham 
burned animals had 2-week mortality rates similar to 
those of animals with no burn (Fig. 2), they occupied 
a position intermediate between burned animals and 
those with no burn in that 50% of deaths were delayed 
after smoke exposure of 9 minutes or less. While there 
was a striking difference in the frequency of delayed 
deaths in burned animals (Table 1) as opposed to animals 


TABLE |. Immediate and Two-week Mortality Rates After Nine 
Minutes of Smoke Exposure in Mice with No Burn, 
Sham Burn, or 5% BSA Burn 





Procedure Prior to Smoke Exposure 








Anesthesia 
Per Cent Mortality 

Time Rate after 9’ Smoke 

before Exposure 
Cutaneous Smoke 

Burns Agent Route Exposure Immediate 2 Weeks 

None None — — 61 n 
Sham Metaphane  Inhal. 2 hr 29 76* 
506 BSA Metaphane  Inhal. 2 hr 6* 88* 
5% BSA None — — ? ? 





* Two-week mortality rate differs significantly from immediate mor- 
tality rate of the same group (P < 0.05). 

* Differs significantly from immediate mortality rate of animals with 
no burn (P < 0.05), but not from that in sham burned animals (0.10 
> P > 0.05). 
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with no burn, the statistical significance of this remains 
in doubt because delay also occurred in several sham 
burned animals. Indeed, there may be no way to estab- 
lish delayed death as other than an anesthetic effect 
short of inflicting burns without anesthesia, a procedure 
not allowed by animal care regulations. '® 

[COHgb] after a given duration of smoke exposure 
was found to be the same in animals with no burn and 
those with 5% BSA burn, and to be directly proportional 
to duration of exposure. After 2 minutes of smoke 
exposure, [COHgb] was 14—16926 in both burned and 
unburned animals; after 3 minutes of smoke exposure, 
it was 17—1896; after 7 minutes of smoke exposure, it 
was 31-32%. After 11 minutes of smoke exposure, 
[COHgb] was 48% in all animals, a level considered 
lethal for mice. 

In both burned and unburned animals, respiratory 
distress (RD) upon removal from the smoke chamber 
was moderate to extreme in severity in all animals 
after exposure to smoke for 7 minutes or more, but both 
mild and rapidly diminishing (in minutes to an hour) 
after smoke exposure of 4—5 minutes or less. Thereafter, 
at this lower level of smoke exposure the following 
observations were made. 

1. No unburned or sham burned animal died or ex- 
hibited further RD. 

2. While some animals with 596 BSA burn did die 
(see Fig. 2), none exhibited further RD and at autopsy 
no cause of death was found. 

3. One or more days postinjury, those animals with 
burns of 10% BSA that died exhibited a delayed onset 
pattern of crouched posture and minimal activity asso- 
ciated, in a majority of cases, with gasping and/or 
labored respiration. When examined at autopsy, however, 
no cause of death could be found and their lungs ap- 
peared normal or exhibited at most a few areas of minor 
congestion and atelectasis. 

Fluid Resuscitation in Large Burns Associated with 
Inhalation Injury. Among animals receiving 25% BSA 
burn and 4 minutes of smoke, those receiving fluid 
resuscitation equivalent to 10% BW had a 25% mortality 
rate; those receiving resuscitation equivalent to 30% 
BW had a 42% mortality rate. In both groups, animals 
dying during the 2-week followup period exhibited 
variable degrees of RD prior to death, but at postmortem 
examination none was found to have more than minor 
pulmonary abnormality even when three times the usual 
fluid therapy had been given (see Fig. 3a). This was 
in striking contrast to similarly injured animals receiving 
no fluid therapy. Of these, 100% died within 2 days, 
all exhibited severe respiratory distress prior to death, 
and at postmortem examination their lungs typically 


showed moderately severe ' pulmonary edema (see 
Fig. 3b). 
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Exposure to Airborne Bacterial Pathogens after 
Inhalation Injury. After breathing an aerosol of P. 
aeruginosa for 1 hour, all uninjured control animals 
survived and gave no evidence of RD during a 2-week 
observation period. Histologically, their lungs showed 
a brisk polymorphonuclear inflammatory response 
which peaked at 2 days (see Fig. 4a) and receded 
rapidly thereafter, but no bacteria were visible. A very 
similar response was noted in animals receiving a 5% 
BSA burn and 4 minutes of smoke | day prior to 
inoculation. Their mortality rate of 17% was unchanged 
by the bacterial challenge. As illustrated in Fig. 4b, 
pulmonary inflammatory response, if anything, appeared 
briefer and less intense and no bacteria were visible. 
Whether given fluid resuscitation equivalent to 10% or 
30% BW, however, all animals receiving a 25% BSA 
burn and 4 minutes of smoke 1 day prior to Pseudomonas 
inoculation exhibited marked RD prior to death, which 
in all cases occurred within 3 days. At autopsy (Fig. 4c) 
the lungs exhibited moderate capillary congestion and 
moderate parabronchial and paravascular edema with 
bilateral diffuse, acute, and often severe pneumonitis 
whether they died spontaneously or were sacrificed 
at various times PB. Of animals in this group, however, 
only those dying spontaneously had foci of free bacteria 
as well as polymorphonuclear leukocytes evident in 
alveoli throughout each lung suggesting that bacteria 
became visible because of postmortem proliferation. 


Discussion 


Because the precise etiology of RD in fire victims is 
to a large extent unknown and uncertain, classifications 
similar to that of Stone and based on time of onset are 
probably the most serviceable and least controversial.!?! 
Table 2 is an attempt to outline the characteristics of 
RD in fire victims as described in the literature of the 
past few decades, but reclassified as strictly as possible 
according to time of onset. 

Of the three categories, acute, delayed, and late, late 
onset syndromes are probably the least specific to fire 
victims. This is so chiefly because within this group 
the signs, symptoms, and pathology of RD are either 
characteristic of recognized phenomena such as aspira- 
tion, pulmonary embolus, etc., or are to date indistin- 
guishable from those occurring in many other serious 
multisystemic diseases. In trying to evaluate the animal 
model we have described, therefore, we will focus on 
how well it simulates the acute and delayed onset syn- 
dromes seen in man. 

Inspection of Table 2 reveals that in addition to the 
delayed onset of abnormal symptoms, signs and roent- 
genographic findings, the delayed onset syndrome differs 
most strikingly from the acute onset syndrome in three 
details: 
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|. Patients with RD of acute onset very often have 
no or only minor burns. In contrast, with rare exceptions 
patients with the delayed onset syndrome almost always 
have major burns.?? 

2. While [COHgb] is usually at least moderately 
elevated in the acute syndrome, [COHgb] is virtually 
always low or absent when respiratory distress is delayed 
in onset. 

3. Patients with distress of acute onset and with no 
or minor burn have a mortality rate of approximately 
11% or less. This often surprises burn surgeons whose 
patients with major burns and inhalation injury have 
quite high mortality rates, especially in those cases 
where inhalation injury is severe enough to produce 
acute distress. 

With these differences in mind, and with the realiza- 
tion that victims, burned or not, of the severest forms 


of acute onset distress are frequently found dead ‘‘of 


asphyxia’ at the fire scene, acute and delayed onset 


M ‘ Za J ` , » 
5 ae "ai. ^41 4 
-- e , á 
eee AE amy 
* "O^; i 
-— : co h Da 
a- eo z mu. n? 
j >$ Ja MF 
f Y um E 
* oy à " - . 
* u 05 "ls ri 
1713 t ot , : EM. 
Y o md . | 3 a se, 
$ $. 2 A od = . 
| wv ` J w & 
, r ~ . . 
-— 9 1. A LN 3 
' 39 45 9l bu 
, fp Di ^. 3 
4 - ~*~ ^ Y - A : 
E. pr t - A AT i, 
^ H^. Eg Y 
- ‘ - ) 
w . “ ~ 
Nag Jn HP. 7 
"tos. i vy 
, ^" 2+ X 
ea ; r hes > T 
v- > y Ss. © 
. T^ t 
w^ " 


b. SMOKE, LARGE BURN, NO FLUID R. . 


aer M. Y 


3. X) 
LI vr - * h 
4 + P ^ 
j Pi 
hy 
Cr f ! 4 z 
z A " M Li 
* - / 
we % © a 
mes A^ 4 
e^ 
; E e. a 
wu 


INHALATION INJURY IN FIRE VICTIMS 


105 


RD in fire victims may be classified into four distinct 
syndromes. The distinguishing characteristics of each 
are detailed in Table 3. 

An adequate experimental model should simulate and 
to some extent elucidate the four distinct syndromes 
described in Table 3. After analysis, the experimental 
dose-response curves developed in our laboratory appear 
to do so. Figure 5 describes the characteristics (1.e., 
type of RD, presence or absence of burn, [COhemoglobin| 
and mortality rate) of animals in each of four shaded 
areas numbered one through four. These characteristics 
in experimental animals correspond closely to the 
similarly numbered clinical syndromes described in 
Table 3. The curve for animals with 5% BSA burns 
is omitted from Fig. 5 since they did not exhibit the 
delayed onset RD seen in larger burns at low smoke 
dosage and therefore resembled unburned animals in 
that respect. Probably because [COHgb] was measured 
immediately after smoke exposure experimentally, 
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Fic. 3. Effect of fluid resuscitation on postmortem pulmonary histology in pathogen free animals receiving 4 minutes smoke and 25% BSA burn. 
(a) Minimal histopathology in an animal receiving excessive fluid therapy and dying 3 days PB. (b) Pulmonary edema in an animal receiving no 
fluid therapy and dying | day PB. In each specimen, typical areas are indicated and enlarged at right. 
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Fic. 4. Effect of airborne pathogens on pulmonary histology. Histologic sections were taken from animals sacrificed (a and b) or dying spontaneously 
(c) 2 days after aerosol inoculation with P. aeruginosa. Burned animals were inoculated | day after burn and exposure to smoke for 4 minutes. 
In each specimen, typical areas are indicated and enlarged at right. 


but on admission to the hospital minutes to hours later There is some suggestion that even the relatively 
clinically, at sublethal levels, the [COHgb] measured high frequency of syndromes | and 4 and the relative 
in each experimental group was slightly higher than rarity of syndromes 2 and 3 may be explained experi- 
usually observed in the corresponding clinical syndrome. mentally (see Table 3 and Fig. 5). Areas 1 and 4 in Fig. 5 
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lie on the relatively horizontal ‘‘tail-end’’ portions of 
the S-shaped curves and, therefore, span relatively 
large portions of smoke-exposure time. Areas 2 and 3 lie 
on vertical and transitional portions of the curves, 
spanning relativelv brief portions of the possible smoke- 
exposure time. This, combined with the observation 
that chances of escape diminish with increasing duration 
of smoke exposure, may explain the relative frequency 
of syndrome 1 (burned or unburned victims who never 
escape) and the relative rarity of syndromes 2 and 3. 
The relative frequency of syndrome 4 may also be con- 
tributed to by the phenomenon of delayed death which 
is so striking in burned and smoke exposed animals. 
As indicated in Table 1, however, this must be con- 
jectural pending proof that delayed death can occur 
independent of anesthetic effects in animals exposed 
to both burn and smoke. 

The parallel between smoke dosage and [COHgb] 
measured immediately after experimental smoke ex- 
posure confirms Zikria's suggestions that [COHgb] 
determined sequentially after admission and properly 
extrapolated back to the time of the fire may prove a 
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useful measure of injury due to smoke exposure.?? Also 
instructive is the observation that unburned animals 
exposed to a moderate dose (7 min) of smoke and with 
a moderate [COHgb] have a strikingly lower mortality 
rate than burned animals with the same [COHgb] and 
exposure to smoke (c.f. Table 3 and Fig. 5). This "leap" 
from one dose-response curve to another may well 
explain the extreme contrast between unburned or 
minimally burned patients with acute onset distress 
and moderate [COHgb] cared for on the pulmonary 
service with a low mortality rate (syndrome 2), and 
patients with similar acute distress and [COHgb] but 
admitted to the burn service with major burns only to 
exhibit a 60 to 70% mortality rate (syndrome 3). 

Based on the above considerations, Table 4 suggests 
a dose-response relationship between absorbed dosage 
of smoke and severity of cutaneous burn on the one 
hand, and mortality rate and respiratory distress on 
the other. | | 

One obvious difficulty in accepting the experimental 
model as discussed above is the paucity of findings on 
histological examination of the lungs. Brief survival 


TABLE 2. Respiratory Distress Syndromes in Fire Victims Listing the Characteristics of Each When Classified by Time of Onset 


Clinical 
Onset Acute Delayed Late : 
Days PB «1 1-5 5 to weeks 
Stone's term. Acute distress Pulm. edema Pneumonia 
e.g. "Overcome" "Shock lung" Aspiration 
"Smoke poisoning” "A.R.D.S," ` Embolus 
Heat inhalation ‘*P.-trauma. pul. insuf."' Late overload 
] pce gases sepsis m 
s Cause Direct injury lung &/or BOTH? , Complications of burn &/or 
airway its Rx 
in-lung 
combustion toxins 
History Cl. space, smoke; facial or Better correlation with burn Varies with etiology 


Symptoms & signs 


X-ray 


Tests 


Endoscopy 
Pathology 


Prognosis 


no bu rns??? 1,27,32 


Dyspnea, mania, stupor, 
wheezes, rales 
+ stridor?202732 


Sometimes + early 
(edema, atelec, etc.) 9:35 


t COHgb often?'* 

| Compliance 

t Resistance & work’ 
+ Cytology? 93 Xe? 


Inflammation?? 


Heat: mostly upper airway 
damage”:35 

With smoke: bronchiolitis 
& pul. edema?**4 


Often fatal at fire scene?! 

Relatively good if no major 
burn? 33535 

Poor if has major burn?! 


Initially few dr none; de- 
layed tachypnea & RD'^? 


~ Early; later infiltrates 8 
cardiomegaly?! 


Low or no COHgb! 
Compliance | 

Resistance & work nl. or 1% 
? Cytology, Xet”. 


Inflammation +/or soot? 


Congestion, edema 


Pneumonia®-4 


Varies with burn severity! 


Varies with etiology 


Varies with etiology 


Varies with etiology 


Varies with etiology 


Varies with etiology 


Varies with etiology 
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TABLE 3 Acute and Delayed Onset Respiratory Distress in Fire Victims Subclassified into Four Clinically Distinct Syndromes 
* | #2 #3 #4 
Acute Onset Acute Onset Acute Onset Delayed Onset 
Syndrome +/— Burn 0 or Minor Burn Major Burn Major Burn 
Disposition Dead or moribund at fire To pulmonary service To burn service To burn service 
scene 
Frequency Common Relatively uncommon??? Relatively uncommon Common 
e.g. 71% of victims", e.g. 16% of pulmonary e.g. 64% of pulmonary 
64% of early deaths? complications"! complications! 
[COHgb] Often high, e.g. > 50% in Moderate Moderate Low or absent! 
24%, 11 to 49% in 35%* e.g. ^ 15% in 84% e.g. 17-406c* 
Death Rate 100% usually of asphyxia Low High Proportional to BSA 


e.g., 64% of deaths < 12 
hr. of asphyxia?’ 


e.g. 0-1 ]62:21.33.35 


e.g. 65-—70%!3! burned!" 





* LAC-USC experience 1974-75. 


might explain the lack of well developed histological 
findings in untreated victims of high smoke dosage. 
Quite regularly, however, several days passed before 
death occurred in burned animals receiving a 4-minute 
dose of smoke and, as seen in Fig. 5 and Table 4, this 
was the experimental smoke dosage which seemed to 
correlate best with inhalation injury as it is commonly 
seen on a burn ward. Surely if our model were adequate, 
major histological changes should be seen in these 


R.D. ACUTE, BURNED 













animals; none was, however. The cause of the delayed 
onset gasping, labored breathing, etc., while due to 
inhalation injury (none occurred in burned animals 
not exposed to smoke), was not obviously pulmonary. 
Could the RD have been toxic or neurogenic in origin? 
Certainly it was not secondary to fluid resuscitation 
or pulmonary bacterial infection because for experimental 
clarity these had been eliminated as variables. 

These difficulties led to experiments in which the 


100 [coHgb]MOD.-319) ^w 7 ceu 
eG HEM ERSTE a 
FRATE HIGH(~85%) — . 7 m 
> 90 Ay ge eiii 
CC eno? 
o 7 R.D. ACUTE , */- BURN i 
z [co Hgb] HIGH (~50%) 
QO-— 70 Fic. 5. Dose (smoke expo- 
« e / e TRATE 100%, sure) versus response (mor- 
w & 2 R.D. DELAYED, BURNED / 21 z ALL IN CHAMBER tality rate) for mice with no 
eu o 60 [co H b] LOW (~16%) ,0 Oo tcr or sham burn and mice with 
E^ g / ae = 10% BSA burn with mor- 
= u. 2 T RATE~B.S.A. BURN 7; © tality plotted on an arith- 
Z <x E 50 HS SEE ; AG metic scale to yield S-shaped 
LLI £ i eis xg e E = curves. Indicated by shaded 
= eines CERES. a Q o areas, four groups of ani- 
O we 40 gettin E EI A is mals are described with 
ao Lu = 1 characteristics correspond- 
LW ul 4 ing to similarly numbered 
oO = 0 o g clinical syndromes of acute 
E. and delayed onset respira- 
N 20 R.D. ACUTE, NO BURN tory distress (cf. Table 3) 
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variables of fluid resuscitation and pulmonary bacterial 
contamination were serially added to the model of 
inhalation injury as it is most commonly seen on a burn 
ward, i.e., to animals receiving a major burn and low 
doses of smoke. 

Ás illustrated in Fig. 3 and with infection still eliminated 
as a variable, in animals with a large burn and receiving 
4 minutes of smoke, RD, wet and edematous lungs, 
and high mortality rate were found in animals receiving 
too little rather than the usual 10% BW or 3 times that 
volume of fluid. Although therapy with fluids with varying 
colloid and sodium content have yet to be studied in 
this model, these data suggest that we may have more 
to fear from insufficient than excessive fluid therapy in 
seeking to avoid the familiar clinical syndrome of wet, 
stiff lungs. 

As illustrated in Fig. 4, after exposure to the Pseu- 
domonas aerosol, animals with small burns and low dose 
smoke inhalation did far better at avoiding death and 
pneumonia than animals with similar inhalation accom- 
panied-by a burn large enough to require fluid resuscita- 
tion. Ás the rate of airway cross infection by bacterial 
pathogens such as Pseudomonas approaches 10096 
both in pulmonary intensive care units and in burn inten- 
sive care units when artificial airways are used, the 


experimental design employed was not inappropriate 


although clinicallv the number of bacteria inhaled is 
difficult to estimate. The data obtained in the murine 
model corresponded well with the relatively benign 
history of inhalation injury as seen on a pulmonary 
service (that is, accompanied by little or no burn) in 
contrast to that seen in patients with a major burn. 

. As illustrated in Figs. 3 and 4, when burns large enough 
to require fluid resuscitation are used, and contamination 
by bacterial pathogens is added to the murine model, 
not only its natural history but its histopathology comes 
to simulate that seen clinically. These findings lead to 
important questions about the cause of RD in burn victims 
with smoke inhalation. Is it a large burn, fluid therapy, 
or both which after pulmonary bacterial contamination 
produce the characteristic histology of pneumonia both 
in our model and in man? Is steroid therapy of inhalation 
injury perhaps appropriate when accompanied by a 
little or no burn, but inappropriate when pulmonary 
susceptibility to infection is increased by association 
with a large burn? Does delayed onset RD in large burns 
occur only in the presence of inhalation injury as sug- 
gested by Moylan's data,” or does it regularly occur 
when there is no evidence of inhalation injury as in 
other forms of major trauma? Despite elimination of 
the need for fluid resuscitation, RD and death were 
observed in our pathogen-free murine model in patterns 
strikingly similar to that seen clinically; if the ill effects 
of pulmonary contamination and imperfect fluid resuscita- 
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TABLE 4. Apparent Dose Relationship Between Respiratory Distress 
and Combined Injury Due to Smoke and Cutaneous Burn 


"Dose" or 
Magnitude of Injury Due to 


"Response" 
Respiratory Distress 


Smoke Cutaneous Burn 
(dosage) (severity) Onset Mortality Rate 
High Major Acute Immediately fatal 
High Minor or 0 Acute Immediately fatal 
Moderate Major Acute High 
Moderate Minor or 0 Acute Low 
Low Major Delayed ~ to BSA burned 
Low Minor or 0 Acute Negligible to 0 
Mild, 
transient 


tion could be avoided clinically, would RD and death 
still occur? Do many of our patients die only with rather 
than of pneumonia? Hopefully, further efforts to under- 
stand the pathophysiology of inhalation injury in fire 
victims will yield answers to these questions. 
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By Philip Thorek, M.D., F.A.C.S., F.I.C.S. 
Illustrated by Carl T. Linden 


From tracheostomy to subtotal gastrec- 
tomy, each procedure presented in this 
atlas has proven its advantages over 
and over again in the operating room. 
In collaboration with the brilliant medi- 
cal artist Carl T. Linden, Dr. Thorek 
covers the surgical ‘problems most fre- 
quently encountered in daily practice. 
You'll find pages devoted to procedures 
such as herniorrhaphy, splenectomy, 
thoracostomy, : hemorrhoidectomy, etc. 
Each operative procedure is clearly pre- 
sented, step-by-step, on a right hand 


page, with explanatory text on the fac- 


ing page. 


Where competitive techniques for given 
conditions exist, Dr. Thorek states his 
preferences with characteristic clarity 
and candor. Every choice is critically 
discussed and firmly supported in the 
detailed presentations. - 





All the illustrations are original, the text 
type is large and legible, and the beauti- 
ful illustrations are labelled with maxi- 
mum clarity. The author's reputation 
as a medical communicator is once again 
demonstrated in this, his latest work. 


As a reviewer said of a previous book 
on which Dr. Thorek and Carl T. Linden 
collaborated: “The author has a quite 
exceptional power of compressing all 
the essentials of description in the 
briefest possible space; the artist has 
an equal power of expressing the de- 
scriptions in visual form. It is a very 
rare and happy combination.” 


Every surgeon, from ideit to chief of 
service, will want to include this helpful 
atlas in his armamentarium. 
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Clinical evidence of 
effectiveness in 
studies of 109 


hospitalized patients" ~ 


Employing objective observations 
by nurse-monitors, two double- 
blind hospital studies of hypnotic 
effectiveness evaluated 57 orthope- 
dic patients, most postsurgical, and 
52 other postsurgical patients,’ with 
insomnia. Studies used similar pro- 
tocols of one nonmedication base- 
line night followed by seven nights 
of randomly-assigned Dalmane 
(flurazepam HCI) or matching pla- 
cebo. Dalmane was superior in 
reducing sleep induction time and 
nighttime awakenings and in pro- 
longing sleep.* 

*When insomnia is caused by pain, appropriate anal- 
gesic therapy is the treatment of choice. Should the 


insomnia persist after the pain is relieved, consider 
Dalmane (flurazepam HCI). A 
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Relatively safe and 
well tolerated,’ 
even for patients on 
warfarin” 


Dalmane is generally well tolerated 
and relatively safe. Morning “hang- 
over” is infrequent. No unacceptable 
fluctuation in prothrombin time has 
been reported in patients on chronic 
warfarin therapy.** The usual precau- 
tions should be observed in patients 
with impaired renal or hepatic func- 
tion; in the elderly and debilitated, 
initial dosage should be limited to 
15 mg to help preclude oversedation, 
dizziness or ataxia. 





SU All-night relief of postsurgical 
Confirmed by patients’ insomnia...proved in practice 
subjective assessment D | 
MOM C... aimane 


those receiving Dalmane reported on morning 


questionnaires that, on average, they fell asleep f U a 7C D 2 m H C | 1 


faster, awakened fewer times and slept longer 


1 1 c 1,2 
than patients taking placebo. One Á. M 
One 30-mg capsule /i.s.—usual adult dosage 
Please see following page for a summary (15 mg mav suflice in some patients). 
: : One I5-mg capsule /r.5.—initial dosage for 
of product information. elderlv or debilitated patients. 


. Proven relief for postsurgical 
insomnia Without repeating 
or increasing dosage 


Dalmane 


flurazepam HCl) & 





Please see previous pages for study protocol. 


And also... 

Objecuvely proved in the 
sleep research laboratory: 
B Sleep within 17 minutes, 
on average 
B Sleep E 7 to 8 hours, 
on average 
B Sleep with fewer nighttime 
awakenings 
m Continued effectiveness 
over 28 consecutive nights 
of administration 


Before prescribing Dalmane (flurazepam 
HCl), please consult complete product 
information, a summary of which follows: 
Indications: Effective in all types of insom- 
nia characterized by difficulty in falling 
asleep, frequent nocturnal awakenings and/ 
or early morning awakening; in patients 
with recurring insomnia or poor sleeping 
habits; in acute or chronic medical situa- 
tions requiring restful sleep. Since insomnia 
is often transient! and intermittent, pro- 


longed administration is generally not neces- 


sary or recommended. 

Contraindications: Known hypersensitivity 
to flurazepam HCI. 

Warnings: Caution patients about possible 
combined eflects with alcohol and other 
CNS depressants. Caution against hazard- 
ous occupations requiring complete mental 


alertness (e.g., operating machinery, driving). 


Usage in Pregnancy: Several studies 

of minor tranquilizers (chlordiaze- 

poxide, diazepam, and meprobamate) 

suggest increased risk of congenital 

matoriuations during the first trimes- 

ter of pregnancy. Dalmane, a benzo- 

diazepine, has not been studied ade- 

quately to determine whether it may 

be associated with such an increased 

risk. Because use of these drugs is 

rarely a matter of urgency, their use 

ing this period should almost al- 

ways be avoided. Consider possibility 

of pregnancy when instituting therapy; 

advise patients to discuss therapy if 

they intend te or do become pregnant. 
Not recommended for use in persons under 
15 years of age. Though physical and psy- 
chological dependence have not been 
reported on recommended doses, use cau- 
tion in administering to addiction-prone 
individuals or those who might increase 
dosage. 
Precautions: In elderly and debilitated, limit 
initial dosage to 15 mg to preclude over- 
sedation, dizziness and/or ataxia. Consider 
potential additive eflects with other hypnot- 
ics or CNS depressants. Employ usual pre- 
cautions in patients who are severely 
depressed, or with latent depression or sui- 
cidal tendencies. Periodic blood counts and 
liver and kidnev function tests are advised 
during repeated therapy. Observe usual pre- 
cautions in presence of impaired renal or 
hepatic function. 
Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and fall- 
ing have occurred, particularly in elderly or 
debilitated patients. Severe sedation, leth- 
argy, disorientation and coma, probably 


indicative of drug intolerance or overdosage, 


One 30-mg capsule h.s.— usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.— initial dosage for 
elderly or debilitated patients. 


have been reported. Also reported: head- 
ache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occur- 
rences of leukopenia, granulocytopenia, 
sweating, flushes, difficulty in focusing, 
blurred vision, burning eves, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, hal- 
lucinations, paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
and elevated SGOT, SGPT, otl and direct 
bilirubins and alkaline phosphatase. 

Dosage: Individualize for maximum benefi- 
cial effect. Adults: 30 mg usual dosage; 15 
mg may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 

Supplied: Capsules containing 15 mg or 30 
mg flurazepam HCl. 


REFERENCES: 

l. Meyer JA, Kurland KZ: Milit Med 
138:471-474, Aug 1973 

2. Fefler HL, Gibbons B: Med Times 
101:130-135, Aug 1973 

3. Data on file, Medical Department, 
Hoffmann-La Roche Inc., Nutley NJ 

4. Robinson DS, Amidon EL: Interaction of 
benzodiazepines with warfarin in man, in 
The Benzodiazepines, edited by Garattini S, 
Mussini E, Randall LO. New York, Raven 
Press, 1973, p. 641 


(mat; 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc 
Nutley, New Jersey 07110 


A} L 


SHARP! 


THE ALL-PURPOSE 


DEKNATEL 
E 9 


NEEDLE’ 


U.S. Patents 2,869,550 & 3,094,123 


Scalpel-sharp edge and jewel-like finish provide un- 
paralleled penetrating power... superior control and 
stability for your every suturing need. 

e Leaves a taper point hole. 

e No cutting sides—won't cut in, cut out or 


cut laterally. 
e Faster, smoother closure with superior 


cosmetic results. 


For complete data and suture listings, please write: 


DEKNATEL, INC. * Queens Village, New York 11429 
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ACTIVE AGAINST MORE PATHOGENS 


IN VITRO 


THAN EARLIER AMINOGLYCOSIDES* 


* Caution, in vitro data cannot be directly 
correlated to clinical effectiveness. 





measured by agar dilution tests % OF STRAINS INHIBITED 


Using an agar dilution procedure, Escherichia coli (90 strains) 
a comparison of MIC values with — 
average serum levels in humans 
showed that Amikin (amikacin 
sulfate) inhibited 100% of 345 
Gram-negative clinical isolates 
(predominantly enterobacteriaceae ), 


977% of 104 strains of pseudomonas 
isolates and 100% of 110 


. E s -— iai en S | 9 

Staphylococcus aureus strains at — — - _— ihe oe 

. E . bd o 
concentrations readily available 

in serum following administration une rae He E pucr 100.0% 

of recommended doses to humans.' n v | | 100.096 


"The usual single intramuscular Amikin dose 
in man is 7.5 mg/Kg which produces an 
average serum peak of about 20 mcg/ml. 
Strains considered susceptible were those 
inhibited by Amikin antibiotic concentrations | 
of 20 mcg/ml or less. In the case of gentamicin, —————« 79.796 
the susceptibility cutoff point used was o ——((—€—X——— | 100.0% 
8 mcg/ ml, the average peak serum level after a 
gentamicin dose of 2 mg/Kg. 


100.0% 


GENTAMICIN 8 mcg/ml cutoff point à; — — É 100.0% 
AMIKIN 20 mcg/ml cutoff point IEEE i l Vso 


A total of 1862 clinical isolates were Amikin 10 mcg disc 
tested for susceptibility to Amikin — Šank 
(amikacin sulfate), gentamicin 

and tobramycin. Utilizing the Kirby- 
Bauer disc susceptibility method, 
93.8% of the strains were susceptible 
to Amikin, 77.5% to gentamicin 

and 78.076 to tobramycin.’ 


Tobramycin 10 mcg disc 





tBecause these isolates came from Amikin clinical trials, the incidence of gentamicin- 
and tebramycin-resistant organisms is higher than would be normally found. Some 
Amikin investigators had a large number of patients with gentamicin-resistant infec- 
ting organisms, such as Providencia stuartii and Serratia marcescens. 





unique molecular structure resists enzymatic inactivation 


The broad-spectrum activity of Amikin is due primarily to its high degree of resistance to 
aminoglycoside-inactivating enzymes. 
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9 well-characterized 
bacterial enzymes are 
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Asa result, the Amikin spectrum not only includes pathogens susceptible to other 
i4 aminoglycosides (including gentamicin and tobramycin), but also many strains of 
Gram-negative bacteria resistant to other aminoglycosides. 


Please see last page for brief summary of prescribing information. 


IN VIVO ecrrectiveNess 


IN TODAY'S HOSPITAL INFECTIONS 


over 80% cure" (465 out of 574) reported in 


serious infections ^ ovem CLINICAL EFFICACY OF AMIKIN (amikacin sulfate) —— 









O O 
Sin 96% 107) 4 
Clinical trials were conducted 89% (39) 26) a À 
among patients with serious (124) , | 3 31% 
Gram-negative infections. igi (465) 


76% 


Patients ranged from children 
(86) 


to elderly patients. Many had 
one or more of a broad variety 
of serious underlying diseases. 
The infections treated were 
serious Gram-negative infec- 
tions: urinary tract infections, 
both simple and complicated, 
skin and soft-tissue infections, 
septicemia, peritonitis, intra- 
abdominal abscesses, burns, 
meningitis, osteomyelitis and 
septic arthritis. Pathogens 
included common and difficult- 
to-eradicate Gram-negative 
bacteria, as well as gentamicin- 
resistant organisms. 





; ow 
'Clinical cure includes patients who are ow a 
reported to have both a clinical 9 QS 
and microbiologic cure. ix X à 
‘Multiple pathogens include Ne e: i y 
only indicated organisms : e K g% 
also named. x aS 
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High inhibitory ratio and 
wide therapeutic index 


In 1852 strains of bacterial isolates, average 
MIC values of susceptible pathogens were signifi- 
cantly below mean peak serum concentrations of 
20 mcg/ml usually achievable in patients 
administered 7.5 mg/Kg or 500 mg of Amikin 
by the intramuscular route. Mean peak serum 
concentrations were 2 to 18 times greater than 
mean MICs for bacteria susceptible to Amikin.* 


Caution: in vitro data cannot be directly correlated to clinical effectiveness. 


Aean MIC" (mcg/ml) 
LEVELS ABOVE 35 mcg/ml 
MAY LEAD TO INCREASED TOXICITY 





MEAN PEAK SERUM CONCENTRATION 
(500 mg AMIKIN I.M.) 


pseudomonas sppi/51 strains 


/177 strains 


oo 
> 
E. coli/347 strains 


tee 
0 
N 
r 
fe) 
~ 
qc 
v 
o 
iS 
[v 
3 
- 
o 
© 
v 
a 


o 
e 
S. marcescens/99 strains 


terobacter spp./91 strains 
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{Mean minimum inhibitory concentrations determined by agar dilution 
susceptibility test method in 1852 strains of bacterial isolates 
obtained from Amikin clinical trials. 








achieves high prolonged 
serum levels 
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Average peak serum concentration 
of amikacin after 500 mg I.M. dose. 
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Time (Hours) 1 2 3 4 6 12 


well-tolerated by 
the majority of patients 


As with other aminoglycosides, the most 
significant adverse reactions were ototoxicity 
and nephrotoxicity, which were reversible 

in some instances. Only 2 per cent of patients 
with adverse reactions had side effects definitely 
related to Amikin. Auditory and renal adverse 
reactions were more frequent in patients 

with impaired renal function; patients treated 
for longer periods or with higher doses than 
recommended. Previous or concurrent 
treatment with other aminoglycosides or other 
known nephrotoxic or ototoxic drugs enhances 
the possibility of adverse reactions. 


Please see last page for brief summary of prescribing information. 


DOSAGE AND 
ADMINISTRATION 


I.M. or IV. administration for patients 
with normal renal function 


The usual recommended dose is 15 mg/Kg/day in 2 or 3 
equal doses administered at equally divided intervals. 

The total daily dose by all routes of administration should not 
exceed 15 mg/Kg/day for the average weight person. 

For the heavier individual (greater than 100 Kg) the total 
daily dose should not exceed 1.5 Gms per day. In the 





unusual circumstances where treatment beyond 10 days is 
considered, the use of Amikin should be reevaluated and, 
if continued, renal and auditory functions should be 


monitored daily. 





in patients with impaired renal function 


Doses may be administered either by administering normal 


doses at prolonged intervals or by administering reduced 


doses at a fixed interval. Renal and auditory function should 


be monitored daily. 


BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 
AMIKIN?7M (amikacin sulfate) 

For complete information, consult Official 
Package Circular. (1) AMIKIN 5/24/76 


Warnings: Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential ototoxicity and nephro- 
toxicity associated with their use. 

Ototoxicity, both auditory and vestibular, can 
occur in patients treated at higher doses or 
for periods longer than those recommended. The 
risk of amikacin-induced ototoxicity is greater 
in patients with renal damage. High frequency 
deafness usually occurs first and can be 
detected only by audiometric testing. 

The ototoxicity potential of amikacin in infants 
is not known. Until more safety reports become 
available, amikacin should be used in infants 
only in those specific circumstances when 
susceptibility testing indicates that other amino- 
glycosides cannot be used or are otherwise 
contraindicated, and when the infant can be 
observed closely for evidence of toxicity. 

Aminoglycosides are potentially nephrotoxic. 
Renal and eighth-nerve function should be 
closely monitored in patients with known or sus- 
pected renal impairment and also in those 
whose renal function is initially normal but who 
develop signs of renal dysfunction during 
therapy. Evidence of impairment in renal, ves- 
tibular or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Serum concentrations should be monitored 
when feasible, and prolonged concentrations 
above 35 mcg./ml. should be avoided. Urine 
should be examined for increased excretion of 
protein, cells and casts. 

Concurrent and/or sequential use of topically 
or systemically neurotoxic or nephrotoxic anti- 
biotics should be avoided. 

Amikin should not be given concurrently with 
potent diuretics. 

Usage in Pregnancy: Amikin should be used in 
pregnant women only when clearly needed. 










































Indications: Serious infections due to suscepti- 
ble strains of Gram-negative bacteria, including 
pseudomonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., 
klebsiella-enterobacter-serratia sp., and 


acinetobacter sp. Culture and sensitivity studies 
should be performed. 

Clinical studies have shown Amikin to be 
effective in bacteremia and septicemia (including 
neonatal sepsis); in serious infections of the 
respiratory tract, bones and joints, central 
nervous system (including meningitis) and skin 
and soft-tissue; intra-abdominal infections (in- 
cluding peritonitis); and in burns and post- 
operative infections (including post-vascular 
surgery). Clinical studies have shown Amikin 
(amikacin sulfate) also to be effective in serious 
complicated and recurrent urinary tract infections 


due to these organisms. Aminoglycosides, includ- 


ing Amikin injectable, are not indicated in 
uncomplicated initial episodes of urinary tract 
infections unless the causative organisms are 
not susceptible to antibiotics having less 
potential toxicity. 

Bacteriologic studies should be performed to 
identify causative organisms and their suscepti- 
bilities to amikacin. Amikin may be considered 
as initial therapy in suspected Gram-negative 
infections and therapy may be instituted before 
obtaining the results of susceptibility testing. 
Clinical trials demonstrated that Amikin was 
effective in infections caused by gentamicin and/ 
or tobramycin resistant strains of Gram-negative 
organisms, particularly Proteus rettgeri, Provi- 
dencia stuartii, Serratia marcescens and 
Pseudomonas aeruginosa. The decision to con- 


tinue therapy with the drug should be based on 
results of the susceptibility tests, the severity of 
the infection, the response of the patient and 

the important additional considerations contained 
in the ''Warning'' box above. 

Amikin has also been shown to be effective 
in staphylococcal infections and may be con- 
sidered as initial therapy under certain conditions 
in the treatment of known or suspected staphylo- 
coccal disease such as, severe infections where 
the causative organism may be either a Gram- 
negative bacterium or a staphylococcus, infec- 
tions due to susceptible strains of staphylococci 
in patients allergic to other antibiotics, and in 
mixed staphylococcal/Gram-negative infections. 

Amikacin may be indicated in the treatment cf 
neonatal sepsis when susceptibility testing 
indicates that other aminoglycosides cannot be 
used. In certain severe infections such as 
neonatal sepsis, concomitant therapy with a 
penicillin-type drug may be indicated because of 
the possibility of infections due to Gram-positive 
organisms such as streptococci or pneumococci. 
Contraindications: A history of hypersensitivity 
to amikacin. 

Warnings: See 'Warning'' box above. 
Precautions: Amikin is potentially nephrotoxic, 
ototoxic and neurotoxic. The concurrent or serial 
use of other ototoxic or nephrotoxic agents 
should be avoided either systemically or topically 
because of the potential for additive effects. 

Such agents include antibacterial drugs such as 
kanamycin, gentamicin, tobramycin, neomycin, 
streptomycin, cephaloridine, paromomycin, 
viomycin, polymyxin B, colistin and vancomycin 
as well as certain diuretic agents such as 
ethacrynic acid or furosemide. 

Adverse Reactions: Ofotoxicity—See ‘'Warning" 
box. 

Nephrotoxicity—Albuminuria, presence of red 
and white cells, casts, azotemia and oliguria 
have been reported. 

Other—Skin rash, drug fever, headache, 
paresthesia, tremor, nausea and vomiting, 
eosinophilia, arthralgia, anemia, hypotension. 
Dosage and Administration: The usual I.M. or 
I.V. dose with normal renal function is 15 mg./ 
Kg./day divided into 2 or 3 equal doses admin- 
istered at equally-divided intervals. For the 
heavier individual (greater than 100 Kg.), the 
total daily dose should not exceed 1.5 Gms. 
per day. 

When amikacin is indicated in newborns (see 
box ''Warning"’), it is recommended that a 
loading dose of 10 mg./Kg. be administered 
initially to be followed with 7.5 mg./Kg. 
every 12 hours. 

The usual duration of treatment is 7 to 10 days. 
The total daily dose by all routes of administra- 
tion should not exceed 15 mg./Kg./day for the 
average-weight person. In the unusual circum- 
stances where treatment beyond 10 days is 
considered, the use of Amikin (amikacin sulfate) 
should be reevaluated and, if continued, renal 
and auditory functions should be monitored daily. 

For patients with impaired renal function, 
whenever possible, serum amikacin concentra- 
tions should be monitored by appropriate assay 
procedures. Doses may be adjusted in patients 
with impaired renal function either by admin- 
istering normal doses at prolonged intervals or 
by administering reduced doses at a fixed 
interval. 

The solution for intravenous use is prepared by 
adding the contents of a 500 mg. vial to 200 ml. 
of sterile diluent such as Normal Saline or 
5% Dextrose in Water or any other compatible 
solution. 

The solution is administered over a 30- to 
60-minute period. 

Supplied: Rubber-capped vials as a ready-to-use 
sterile aqueous solution 100-mg., 500-mg., 
and 1.0-Gm. vials. 
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References: 1. Data on file, Bristol Laboratories. 
2. Price, K.E., Chisholm, D.R., Misiek, M., 
Leitner, F., and Tasi, Y.H.: J. Antibiot. 25:709, 
Dec. 1972. 








i n Avitene (MCH) effectively 
controls bleeding from experimental 
splenic injuries in dos. 


Announcing a 
major advance in 
the control of 
surgical bleeding 


a 
Avitene 
Microtorilar Collagen Hemostat (MCH) 


a new topical hemostat which differs 
physically, chemically, and clinically 
from any others you have ever used 








See last page for directions for use 


Introducing new 


$ m 
Avitene 
Microfiorilar Collagen Hemostat (MCH 


a major advance in the control 
of surgical bleeding 


Hemorrhage, even in its more moderate forms, creates problems and complications 
for the surgeon. Understandably, therefore, the search for better hemostatic agents 
goes back to man’s earliest recorded history. Now — while the perfect hemostat is 
still to be discovered — Avicon has made an exciting breakthrough with a new 
topical agent which, in the consensus of the investigators who have worked with it 
over the past five years, moves us measurably closer to the ideal. T hat agent is 
Avitene Microfibrillar Collagen Hemostat (MCH ). Here, in brief summary, are the 
basic data about Avitene. 


A modified natural collagen and aspirin does not generally interfere 
with its action. Hemostasis has been suc- 
cessful in moderately thrombocytopenic 
patients, though Avitene will not work in 
clinical thrombasthenia and has not been 
shown to control bleeding due to systemic 
coagulation disorders. 


What it is: Avitene (MCH) is an absorbable topical he- 
mostatic agent prepared from purified bo- 
vine corium collagen. Physically, Avitene is 
an off-white, fluffy, finely fibrous material, 
with a highly open structure which gives it 
an immense surface area. Chemically, Avi- 
tene is collagen modified to increase its sta- 
bility, without changing the characteristics 
essential to its inherent effect cn the blood 


An invaluable adjunct to 
conventional hemostatic 


coagulation mechanism. procedures 

Its role in Since 1972, Avitene (MCH) has been used 
Triggers the normal surgery: and carefully studied in a wide variety of 
hemostatic mechanism clinical and experimental, controlled and 


noncontrolled hemorrhagic situations. Avi- 
tene has been found to be of greatest value 
when control of bleeding by ligature or 
conventional procedures is ineffective or 
impractical. The proper use of Avitene can 
be expected, therefore, to reduce blood 
loss and save time. 


How itacts: When Avitene (MCH) comes in contact 
with a bleeding surface it acts like native 
collagen: attracting platelets which adhere 
to the fibrils and undergo the release phe- 
nomenon. This triggers aggregation of the 
platelets into thrombi in the mterstices of 
the fibrous mass and initiates clot forma- 
tion, producing a physiologic platelet plug. 


I "d. Avitene has been found to be especially ef- 
Avitene is effective in heparinized patients, 


fective in: 


e generalized bleeding from raw, soft or 
friable tissues 

e bleeding from highly vascularized organs 

e bleeding from cancellous bone 

e bleeding around vascular anastomoses 
where only minimal suturing may be pos- 
sible because of lack of integrity of the 
tissue or the risk of compromising the 
lumen. 


The use of Avitene is contraindicated in 
the closure of skin incisions as it may inter- 
fere with healing of the skin edges. 





A 


An index of 
effectiveness: 


Tolerance: 


How to order: 


Control of splenic bleeding 


Bleeding from experimental splenic inju- 
ries in dogs was effectively controlled in 15 
out of 15 cases by Avitene (MCH). Al- 
though 3 to 4 injuries were made in each 
spleen and the spleen was actively manipu- 
lated, hemostasis was complete in all ani- 
mals, with only 15% of the animals 
requiring more than one application. 
There was no evidence of delayed bleed- 
ing. In humans, Avitene successfully con- 
trolled splenic bleeding in five out of six 
cases. In three it was possible to salvage 
the spleen and in two others the surgeons 
were able to delay splenectomy until other 
necessary surgery was completed. 


No clinically significant risk 
to treated patients 


With the exception of the possible poten- 
tiation of infection in a few patients, the 
use of Avitene (MCH) in over 1,000 re- 
ported cases has caused no clinical compli- 
cations affecting the safety of patients. 


Clinical and animal studies have shown: 
Negligible immunologic response .. . 
Avitene elicits a negligible immunologic re- 
sponse; no immunologic disease was seen 
in any patient in whom an elevated anti- 
BSA (beef serum albumin) titer was seen. 
No allergic reactions ascribable to MCH 
were noted. 

Minimal foreign body reactions... 
recovery of human cervices in which cat- 
gut sutures and Avitene had been im- 
planted showed a lower degree of foreign 
body reaction to Avitene than to the re- 
tained catgut. 

No stenotic effect at anastomoses... 
Stenosis was not seen nor was flow rate de- 
creased in anastomosed canine iliac arter- 
ies where Avitene was used as a hemostat. 
After four months, no adverse hemo- 
dynamic effects were noted; intraluminal 
anatomy and histologic appearance was 
similar to controls. 


No effect on bone healing... 

Clinical studies have shown that Avitene 
does not interfere with bone regeneration 
or healing. In animal work MCH did not in- 
terfere with reattachment and union of fe- 
moral trochanters and no interference with 
healing was observed by X ray or histology. 





Avitene, a product of Avicon, Inc. is dis- 
tributed by Alcon Laboratories. To order 
Avitene for your hospital, write: Order De- 
partment. Avicon, Inc., PO. Box 85, Ft. 
Worth, Texas 76101. 


See last page for directions for use. 


Effective in a wide variety of 
surgical bleeding problems 


Avitene (MCH) is used in surgical proce- 
dures as an adjunct to hemostasis when 
control of bleeding by ligature or conven- 
tional procedures is ineffective or impracti- 
cal. Nearly five years of clinical study and 
animal experimentation have demon- 
strated its effectiveness in: 


Cardiovascular surgery 
Abdominal surgery 
Orthopedic surgery 
Gynecological surgery 
Plastic surgery 
Neurosurgery 





a major advance in the control of surgical bleeding 


Avitene 





Microtiorilar Collagen Hemostat (MCH) 


A motion picture demonstrating the clinical applications 
of Avitene (MCH) features surgeons with first-hand experi- 
ence in its use. The 24-minute film dramatically illustrates 
the hemostatic action of MCH in clinical and laboratory 
situations. For information on arranging a showing and a 
complete presentation on Avitene, write: Avicon,. Inc., 
P.O. Box 85, Ft. Worth, Texas 76101. 


Full directions for use 


Description: Avitene is an absorbable topical hemostatic agent 
prepared as a dry, sterile, fibrous, water insoluble partial hydro- 
chloric acid salt of purified bovine corium collagen. In its man- 
ufacture, swelling of the native collagen fibrils is controlled by 
ethyl alcohol to permit noncovalent attachment of hydrochloric 
acid to amine groups on the collagen molecule and preservation of 
the essential morphology of native collagen molecules. Dry heat 
sterilization causes some cross-linking which is evidenced by re- 
duction of hydrating properties, and a decrease of molecular 
weight which implies some degradation of collagen molecules. 
However, the characteristics of collagen which are essential to its 
effect on the blood coagulation mechanisms are preserved. 


Actions: Avitene, in contact with a bleeding surface, attracts 
platelets which adhere to the fibrils and undergo the release phe- 
nomenon to trigger aggregation of platelets into thrombi in the 
interstices of the fibrous mass. The effect on platelet adhesion and 
aggregation is not inhibited by heparin in vitro. It has been found 
effective in heparinized dogs and in eight of nine fully heparinized 
human subjects. Platelets of patients with clinical thrombasthenia 
do not adhere to Avitene in vitro. However, in clinical trials it was 
effective in 50 of 68 patients receiving aspirin. Avitene cannot 
control bleeding due to systemic coagulation disorders. Appro- 
priate therapy to correct the underlying coagulopathy should be 
instituted prior to use of the drug. Avitene is tenaciously adherent 
to surfaces wet with blood but excess material not involved in the 
hemostatic clot may be removed by teasing or irrigation, usually 
without restarting bleeding. In animal and human studies, it has 
been shown to stimulate a mild, chronic cellular inflammatory 
response. When implanted in animal tissues, it is absorbed in less 
than 84 days. In human studies of hemostasis in osteotomy cuts, it 
has been shown not to interfere with bone regeneration or healing. 
In animal studies, it has been demonstrated that Avitene does not 
predispose to stenosis at vascular anastomotic sites. These findings 
have not been confirmed in human use. Studies have been per- 
formed using Avitene in experimental wounds contaminated with 
hemolytic Staphylococcus aureus. The presence of Avitene does 
not enhance or initiate staphylococcus wound infections to a 
greater or lesser extent than control agents employed for the same 
purpose. The effects of Avitene on experimental wounds conta- 
minated with a gram-negative aerobic rod and an anaerobic non- 
spore-forming bacteria are currently under investigation. 


Indications: Avitene is used in surgical procedures as an adjunct to 
hemostasis when control of bleeding by ligature or conventional 
procedures is ineffective or impractical. 


Contraindications: Avitene should not be used in the closure of 
skin incisions as it may interfere with the healing of the skin 
edges. 


Warnings: Avitene is inactivated by autoclaving. Ethylene oxide 
reacts with bound hydrochloric acid to form ethylene chlorohy- 
drin. This product should not be resterilized. It is not for injection. 
Moistening Avitene or wetting with saline or thrombin impairs its 
hemostatic efficacy. It should be used dry. Discard any unused 
portion. As with any foreign substance, use in contaminated 
wounds may enhance infection. 


Precautions: Only that amount of Avitene necessary to produce 
hemostasis should be used. After several minutes, excess material 
should be removed; this is usually possible without the re-initiation 
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of active bleeding. Avitene contains a low, but detectable, level of 
intercalated bovine serum protein which reacts immunologically 
as does beef serum albumin. Increases in anti-BSA titer have been 
observed following treatment with Avitene. About two-thirds of 
individuals exhibit antibody titers because of ingestion of food 
products of bovine origin. Intradermal skin tests have occasionally 
shown a weak positive reaction to BSA or Avitene but these have 
not been correlated with IgG titers to BSA. Tests have failed to 
demonstrate clinically significant elicitation of antibodies of the 
IgE class against BSA following Avitene therapy. Care should be 
exercised to avoid spillage on nonbleeding surfaces, particularly in 
abdominal or thoracic viscera. Teratology studies in rats and rab- 
bits have revealed no harm to the animal fetus. There are no 
well-controlled studies in pregnant women; therefore, Avitene 
should be used in pregnant women only when clearly needed. 


Adverse reactions: The most serious adverse reactions reported 
which may be related to the use of this drug are potentiation of 
infection including abscess formation, hematoma, wound dehi- 
scence, mediastinitis. Other reported adverse reactions possibly 
drug related are adhesion formation, allergic reaction, foreign 
body reaction, subgaleal seroma (report of a single case). 


Dosage and administration: Avitene must be applied directly to the 
source of bleeding. Because of its adhesiveness, it may seal over the 
exit site of deeper hemorrhage and conceal an underlying hema- 
toma as in penetrating liver wounds. Surfaces to be treated should 
be compressed with dry sponges immediately prior to application 
of the dry Avitene. It is then necessary to apply pressure over the 
Avitene with a dry sponge for a period of time which varies with the 
force and severity of bleeding. A minute may suffice for capillary 
bleeding (e. g., skin graft donor sites, dermatologic curettage) but 
three to five or more minutes may be required for brisk bleeding 
(e. g., splenic tears) or high-pressure leaks in major artery suture 
holes. For control of oozing from cancellous bone, it should be 
firmly packed into the spongy bone surface. After five to ten 
minutes, excess Avitene should be teased away; this can usually be 
accomplished without initiating rebleeding. If breakthrough 
bleeding occurs in areas of thin application, additional Avitene 
may be applied. The amount required depends, again, on the 
severity of bleeding. In capillary bleeding, one gram will usually be 
sufficient for a 50 cm? area. Thicker coverage will be required for 
more brisk bleeding. Avitene will adhere to wet gloves, instru- 
ments, or tissue surfaces. To facilitate handling, dry smooth forceps 
should be used. Gloved fingers should not be used to apply pres- 
sure. 


How supplied: In 1 g and 5 g sterile jars of sterile microfibrillar 
collagen hemostat all contained in a sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken. Content of jar is 
sterile until opened. 

Caution: Federal law prohibits dispensing without prescription. 
*"Avitene" is a trademark belonging to Avicon, Inc. for its absorb- 
able microfibrillar collagen hemostat. 5/76 
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Percutaneous Transhepatic Bile Drainage 


KATSUTAKA MORI, M.D., ATSUNOBU MISUMI, M.D., MICHIO SUGIYAMA, M.D., MASATO OKABE, M.D., 
TAKAYUKI MATSUOKA, M.D., JUN ISHII, M.D., MASANOBU AKAGI, M D.* 


Percutaneous transhepatic bile drainage was performed in 13 
patients with obstructive jaundice, using a combination of the 
PTC technique and a Seldinger angiography catheter. In 11 cases, 
the outflow of bile through the catheter was satisfactory and 
complications were few. Since the risk of the procedure is low 
and it can be done without laparotomy, it is an ideal technic for 
biliary decompression before attempting to do a resection. Also, 
repeated cholangiography through a catheter which is left in 
place is helpful as a diagnostic aid before and after surgery. 


HE RISK OF SURGERY On icteric patients with cancer 
T of the extrahepatic bile duct or pancreas is quite 
high'; it may be reduced by establishing preoperative 
bile drainage as a preliminary procedure. Cholecysto- 
cutaneostomy, cholecysto-jejunostomy, the transhepatic 
drainage procedure of Rodney Smith and T-tube or 
Nelatone tube drainage of the common bile duct are 
then the procedures of choice. 

However, these procedures cannot be applied if the 
tumor obstructing the biliary duct system is located 
close to the liver; then adequate biliary decompression 
can only be obtained by transhepatic catheterization of 
an intrahepatic bile duct. If done during laparotomy,? 
even If feasible, the adhesions that then develop may 
make subsequent radical resection more hazardous to 
perform. Hence bile drainage of an intrahepatic bile 
duct, without resorting to laparotomy, would be the 
preferred procedure. 

Percutaneous transhepatic cholangiography (PTC) has 
been shown to be a useful method for establishing the 
cause of an obstructive jaundice. Its technic is well 
established and can now be carried out safely. Using 


the PTC technique, percutaneous transhepatic bile 
Submitted for publication May 11, 1976. 
Reprint requests: Katsutaka Mori, M.D., Hanazono 4-10-19, 


Kumamoto City 860, Japan. 


111 


From the Department of Surgery, 
Kumamoto University Medical College, 
Kumamoto, Japan 


duct cannulation has also been instituted as a drainage 
procedure. Here we describe the technique we used 
to decompress the biliary system and the results we 
obtained with it. 


Method 


Percutaneous transhepatic bile drainage was performed 
on 13 icteric patients with cancer of an extrahepatic 
bile duct or head of the pancreas. At first, each patient 
underwent percutaneous transhepatic cholangiography. 
Using a lateral approach a No. 23 gauge needle was 
introduced through the liver into an intrahepatic bile 
duct to obtain a cholangiogram. Then the needle was 
removed and a No. 18 gauge, 13 cm long needle with 
an overlying thin wall polyethylene catheter (Elaster 
needle, Hakko Co.) was inserted either in the same 
direction into one of the right intrahepatic bile duct 
branches, or using a frontal approach and under fluoro- 
scopical control into one of the intrahepatic bile ducts 
of the left lobe of the liver as previously described by 
Takada.” After obtaining bile, the needle is withdrawn 
but the catheter retained. Then a narrow guide wire 
used for arterial angiography is introduced into the bile 
duct through the catheter. After ascertaining that the 
tip of the guide wire is positioned in one of the larger 
bile ducts at a suitable distance from its entry into the 
bile duct, the catheter is withdrawn and a Seldinger 
catheter with several side holes at the tip (Kifa green 
standard, 2.39 mm in outer diameter, 1.22 mm in inner 
diameter) is introduced over the guide wire. Then the 
guide wire is withdrawn and after further advancing 
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the Seldinger catheter it is fixed to the skin wita a silk 
suture. 


Results 


Percutaneous transhepatic bile drainage was per- 
formed in thirteen patients with biliary obstruction 
due to cancer. In 11 patients, satisfactory external bile 
drainage was obtained. Maximum volume of bile outflow 
reached 1,400 ml per day. The decline in serum Dilirubin 
concentration following this procedure (in these 1|l 
patients) is shown in Fig. 1, and that of the alkaline- 
phosphatase in Fig. 2. The serum bilirubin concentration 
decreased to less than 10 mg/deciliter (dl) within 3 weeks. 
[n some instances, radical resections were performed and 
the catheter was left in place postoperatively for one 
to two weeks to allow for continued bile draimage and 
to protect the site of the biliary anastomosis. The 
catheter was withdrawn only after we had es ablished 
that no leakage of bile occurred at the site of the 
anastomosis. 

In instances where radical resection and creation of 
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Fic. 3. Cancer of the head of the pancreas (Case 1). Percutaneous 
transhepatic bile drainage via the frontal approach is continued 
after pancreatoduodenectomy. 


internal bile drainage could not be established during 
laparotomy, percutaneous transhepatic bile drainage 
was continued as a permanent form of biliary decom- 
pression by leaving the catheter in place (Fig. 6). In 
addition to draining the bile, the catheter remained 
useful as an aid in diagnosis, because cholangiography 
could be repeated through it. 

The complications of the procedure were the same 
as for PTC. Bleeding through the catheter was seen 
several hours after catheterization in two patients of 
the 13 treated in this manner. Both were far advanced 
cases with pronounced icterus. [n these two instances 
the catheter was clamped and left in place for several 
days. However, clamping the catheter for hemostasis 
for a long time may lead to hepatic failure or develop- 
ment of hepatorenal syndrome. Therefore we now feel 
that in those instances other attempts should be made 
to obtain bile drainage with this same technique but using 
a different site or alternatively by means of an operative 
procedure. One of the two patients who bled died 3 
days after the procedure, probably because we failed 
to do this. 

Although slight leaking of contrast medium into the 
abdominal cavity along the catheter was occasionally 
observed, local or generalized peritonitis did not develop. 


Case Reports 


Case l. A 65-year-old woman entered the hospital with jaundice 
and diabetes mellitus. Following percutaneous transhepatic bile 
drainage total serum bilirubin concentration fell from 10 mg/dl to 
1.2 mg/dl. Pancreatoduodenectomy was performed for cancer of 
pancreatic head. Figure 3 shows the site of the choledocho-jejunostomy 
as demonstrated after injecting contrast medium through the catheter. 
No leakage was seen, therefore the catheter was withdrawn. 

Case 2. In a 66-year-old man with a hepatoma which was located 
to the right of the liver hilum, bile drainage was obtained from a 
bile duct in the left liver lobe. Bile drainage of the right lobe of the 
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Fic. 4. Hepatoma (Case 2). The hepato-gastrostomy is visualized by 
injecting contrast media through the drainage catheter. 


liver was probably inadequate due to possible blockage of the 
biliary junction by the tumor. This may explain why the decline in 
total bilirubin concentration 3 weeks after instituting bile drainage 
was not sufficient to allow us to do a major resection. Therefore 
hepatogastrostomy was done instead. Figure 4 shows the contrast 
media injected through the catheter pass from the intrahepatic bile 
duct into the stomach. 

Case 3. A 65-year-old woman entered the hospital with abdominal 
pains and a right upper quadrant mass. A colloidal "?Au scintigram 
showed a cold area at the hilum of the liver. Plasma samples were 
negative for alpha fetoproteins. The first PTC showed an obstruction 
at the hilum of the liver and a cancer of the common bile duct was 
suspected. Percutaneous transhepatic bile drainage was performed 
and cholangiography was done repeatedly through the catheter at 
intervals of one week apart. Stagnant intrahepatic bile was eliminated 
following which the contrast media could be made to pass through 
the site of the original obstruction (Fig. 5). The cause of the obstruc- 





Fic. 5. Cancer of gall bladder (Case 3). Repeated cholangiography via 
the drainage catheter inserted by a lateral approach revealed the 
diagnosis. 


PERCUTANEOUS TRANSHEPATIC BILE DRAINAGE 








FiG. 6. 


Inoperable case of choledochus The 


drainage 
catheter inserted in frontal approach was left in place for biliary 
decompression after exploratory laparotomy. 


Cancer. 


tion was diagnosed as being an external compression by a cancer 
of the gallbladder. 

Case 4. A 72-year-old man entered the hospital because of jaundice 
lasing for one month. Total serum bilirubin concentration 
33.9 mg/dl and alkaline phosphatase was 210 mU/ml. GOT and GPT 
was 80 and 34 respectively. There was no hemorrhagic diathesis. 
PTC revealed a cancer of the common bile duct. Thirty minutes 
after percutaneous transhepatic bile drainage, bile drainage became 
bloody followed by a shaking chill and rise in temperature up to 
39°. Although the next day the bleeding had stopped, the blood pressure 
began to fall. Two days later, again blood was seen coming from 
the drainage tube. It was clamped again. Subsequent cholangiogram 
showed a clot in the intrahepatic bile duct which interfered with 
bile flow. As bile flow decreased so did the urine output. Three 
days after the drainage procedure, the patient died of hepatorenal 
syndrome. 


Was 


Discussion 


The procedure described here for biliary decompres- 
sion consists of three steps: 1) diagnostic PTC; 2) insertion 
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Case Drainage 
No. Name Diagnosis Effect Complications Operation 
l M.K Cancer of pancreas head Good None Pancreatoduodenectomy 
2 SA. Hepatoma of right liver lobe Fair None Hepatogastrostomy 
close to liver hilus 
3 LH. Cancer of gall bladder Good None Resection 
4 O.M Cancer of common bile duct Poor Hemorrhage Not operated, died of 
hepato-renal syndrome 
5 LK. Cancer of common bile duct Good Hemorrhage Laparotomy only 
temporary 
6 M.H Metastatic tumor at liver Good None Not operated 
hilus from gastric cancer 
7 A.S Cancer of common hepatic Good None Hepatogastrostomy 
duct 
8 K.Y Cancer of common bile duct Good None Laparotomy only 
9 N.I Cancer of pancreas head Good None Pancreatoduodenectomy 
10 K.S Metastatic tumor at liver Fair None Not operated 
hilus from gastric cancer 
11 K.M Cancer of common hepatic Good None Awaiting a radical 
duct section 
12 K.M. Cancer of common bile duct Good None Choledochojejunostomy 
13 AS. Cancer of common bile duct Percutaneous transhepatic drainage failed and drainage was instituted 


by laparotomy. Subsequently a pancreatoduodenectomy was done. 





of a catheter large enough to allow for the introduction 
of a guide wire: 3) the catheter is exchanged for a 
Seldinger catheter which is advanced further towards 
the common bile duct. The second step could be 
omitted: however, then a large needle would have to 
be used for PTC in order to be able to pass a Seldinger 
catheter. The danger of causing serious damage to the 
liver with such a large needle if repeated punctures 


are required makes this less desirable particularly if 


there is associated cirrhosis of the liver. 

Bile drainage can be obtained via the polyethylene 
catheter used in step two, after leaving it in place. In 
fact Remolar and others??* used such a tube supported 
by a needle to avoid trauma to the liver during PTC 
and then applied it for bile drainage. However, we found 
that a polyethylene cathether does not have enough 
flexibility, consequently it has the tendency to hit the 
back wall of the bile duct at a right angle, which makes 
it difficult or impossible to advance it further toward 
the common bile duct. If the catheter cannot be suf- 
ficiently advanced into the bile duct, it usually slips 
out as the patient moves or breathes. This problem can 
be simply remedied by using a Seldinger catheter. With 
this too, however, the patients movements should be 
limited. Another problem encountered with the use 
of a polyethylene catheter is that even if bile drainage is 


obtained with it, its tip tends to become blocked as the 
distended bile duct gradually narrows following decom- 
pression. Hence, for long-term drainage, a catheter is 
needed that can be threaded further into the bile ducts. 
Obata? introduced a vinyl tube through the polyethylene 
catheter, which was inserted over a needle 2 mm in* 
diameter and 16 cm in length, following preliminary PTC. 

[n our cases a flexible but firmer tube such as a Seldinger 
catheter was introduced in a manner similar to that 
used in angiography. In some instances exchanging the 
catheter, using the lateral approach was initially un- 
successful. Insertion of the Seldinger catheter into the 
bile duct over a guide wire using the lateral approach 
is not easy, particularly if the liver tissue is firm, as there 
is quite a distance between the surface of the liver and 
the puncture site of intrahepatic bile duct. In that instance 
the exchange of the polyethylene catheter for a Seldinger 
catheter became easier when the polyethylene catheter 
was left in place for 5 to 7 days, irrespective of whether 
bile came out or not. This problem is met less frequently 
by using the frontal approach. 

Drainage was adequate, in fact a maximum bile volume 
of 1.400 ml per day was obtained via a catheter, with an 
inner diameter of 1.22 mm. Inadequate bile outflow 
was usually due to impaired liver function, to severe 
dehydration or to infected bile. 
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Which approach should be preferred to insert the 
polyethylene catheter to introduce the guide wire in 
the second step is preferable, the lateral or frontal 
approach? We prefer the frontal approach using fluor- 
scopic control. If the needle is advance vertically per- 
pendicular to the plane of the x-ray images in the frontal 
approach, one only needs to vary the depth of the needle 
in order to hit a previously visualized bile duct. 
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Arteriovenous Malformation in Chronic 


Gastrointestinal Bleeding 


CLINT M. CAVETT, M.D., JOHN H. SELBY, JR., M.D., JIMMY L. HAMILTON, M.D., JOHNNIE W. WILLIAMSON, M.D. 


Arteriovenous malformations of the gastrointestinal tract are un- 
common and treatment is problematic because routine barium 
contrast studies and endoscopy fail to demonstrate the lesion. 
Diagnosis is by selective mesenteric arteriography, demonstrating 
a characteristic vascular tuft and very early venous phase. Two 
cases of arteriovenous malformation are presented and 47 other re- 
ported cases are reviewed. Forty-five per cent were found in the 
cecum; 37, or 80%, involved the distal ileum, cecum, ascend- 
ing colon, or hepatic flexure. Seventy-five per cent of all patients 
fall into the 50-80 year age range. The literature reveals a 
recurring pattern of chronic gastrointestinal blood loss, anemia, 
and delay (even negative abdominal explorations) befare the di- 
agnosis is finally made. A more aggressive approach to chronic 
gastrointestinal bleeding is suggested through the use of selective 
mesenteric arteriography. 


NTESTINAL arteriovenous malformation (AV M) is an 
l uncommon cause of gastrointestinal hemorrhage. 
Only recently have numerous cases been documented in 
the surgical literature, though anecdotal and hearsay re- 
ports suggest a more frequent occurrence. In spite of 
recent widespread application of selective mesenteric 
arteriography in evaluation of acute and chronic gastro- 
intestinal blood loss, instances of bleeding from AVM's 
are characterized by delay and recurrent hemorrhage be- 
fore the diagnosis is established. Unfortunately, many 
cases involve multiple negative abdominal explorations in 
unsuccessful search for a bleeding source. 


Case Reports 


Case 1. L. G. (108287), an 18-year-old Caucasian woman, first 
developed symptoms of lower gastrointestinal bleeding in March, 1975. 
Acute low adominal cramping pains preceded bright rec blood per 
rectum. She was admitted to the community hospital by her local 
physician, was transfused three units of blood, and became stable 
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with cessation of bleeding. A complete barium contrast study of the 
gastrointestinal tract, as well as sigmoidoscopy, demonstrated no ab- 
normality. She had no further bleeding and was discharged from the 
hospital. Over the ensuing 5 months rectal bleeding recurred 4 times, 
though none as voluminous as the first episode. Three units of blood 
were transfused during this time. Repeat barium enema, upper gastro- 
intestinal series, and sigmoidoscopy were normal. 

Because of continued bleeding, the patient was referred to the Uni- 


versity Hospital Medicine Clinic in October, 1975. While in the Clinic" 


she again began to bleed (the sixth episode), and was promptly ad- 
mitted to the medical service. 

There was no family history of gastrointestinal hemorrhage. No 
telangiectasia were seen in the skin or pharyngeal mucosa, and no other 
evidence of systemic AVM's was noted. Four units of blood were trans- 
fused. An emergency mesenteric arteriogram revealed a small vascular 
tuft at the distal end of the ileocolic artery (Fig. 1) with very early 
filling of the ileocolic vein (Fig. 2). 

At operation the intestine and mesentary appeared entirely normal. 
There were no enlarged vessels, no palpable thrills, no hypervascularity 
of the serosa and no palpable intraluminal abnormalities. Transillumina- 
tion was unrevealing. Right colectomy and ileotransverse colostomy 
were performed. 

On the pathological specimen (Fig. 3) was a 10 mm papular mucosal 
lesion with a small thrombus at its center. Microscopic examination 
showed numerous enlarged vessels communicating with the base of the 
small ulcer, seeming to arise from the submucosal plexus (Fig. 4). 
Pathological diagnosis confirmed arteriovenous malformation of the 
cecal wall. The patient has since been asymptomatic. 


Case 2. E. J. (4499), a 61-year-old Negro man, was found to be 
anemic in October, 1975, when he suffered a syncopal episode at work. 
He was hospitalized and transfused with packed red blood cells. 
Barium upper gastrointestinal series and barium enema were normal. 
Following another episode of syncope, he was found to have only 
4.8 gm of hemoglobin. At this point he was transferred to the 
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Fic. 1. Case I arterio- 
gram revealing vascular tuft 
in right lower quadrant be- 
ing fed by ileocolic artery. 
There is already faint vis- 
ualization of venous system 
draining this AVM. 


Veterans’ Administration Hospital for more complete evaluation. He 
denied bleeding per rectum or melena, although his stools were strongly 
positive for occult blood. There was no family history of gastro- 
intestinal bleeding, and physical examination failed to reveal any ex- 
ternal telangiectasia. 

A complete hematology workup was begun and the patient was 
transfused with three units of packed red cells. Hematology consultants 
reported their findings as iron deficiency anemia. A barium enema and 
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FiG. 2. Case | arteriogram in early venous phase revealing ileocolic 
vein visualization before other areas of venous system. Note relative 
increased density of this vein as opposed to usually faint venous 
phase of mesenteric arteriography. 
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sigmoidoscopy again failed to reveal any abnormality. He was dis- 
charged on oral iron supplement, but returned in three weeks having 
had three bloody stools. The hemoglobin level was 4.9 grams. and he 
was again transfused: repeat upper gastrointestinal series and barium 
enema were normal. At followup clinic visit he was found to have 
stools positive for occult blood, and a hemoglobin of 3.6 gm. On read- 
mission (fourth hospitalization) in January, 1976, the colonoscope was 
passed to the distal transverse colon with no lesion found. A selective 
mesenteric arteriogram revealed a vascular tuft at the distal ileocolic 
artery consistent with AVM of the cecum. The patient was trans- 





FiG. 3. Gross specimen from Case | illustrating the small papular 
lesion in cecum. lleocolic valve is seen in lower right corner. Note 
pigmentation of surrounding mucosa as result of continued contact with 
blood. The entire lesion measures 10 mm in diameter. 
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ferred to the surgical service, and an elective right hemicolectomy was 
carried out. The AVM could not be found in the removed segment 
of ileum and colon. However, the patient remained asymptomatic and 
was discharged with a postoperative hemoglobin of 12.9 gm%. 

Four weeks postoperatively, he again described weakness and bloody 
bowel movements; his admission hemoglobin was 4 gm. Repeat 
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Fic. 4. Whole mount speci- 
men of AVM from Case | 
sectioned through center 
of the lesion. Evident are 
the palisading vessels in 
the submucosa communi- 
cating with the ulcer bed. 
Note that the only mucosal 
defect is at the base of 
the small thrombus, ap- 
proximately 3 mm in di- 
ameter. 


colonoscopy revealed blood coming from above the ileotransverse 
colostomy. Another mesenteric arteriogram revealed a small AVM now 
in the right upper quadrant. Following transfusion with packed red cells, 
repeat exploratory laparotomy was performed. The previous an- 
astomosis was taken down and a sterile proctoscope was passed 
proximally; at 10 cm a small punctuate lesion was seen to be actively 
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Fic. 5. Photomicrograph 
from specimen in Fig. 4. 
There is enlargement of 
endothelial channels and no 
evidence of neoplasia. 
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bleeding. This section of distal ileum was resected and the remaining 
ileum was reanastomosed to the transverse colon. The pathological 
specimen revealed a small AVM of the distal ileum. There has been 
no recurrent bleeding. 

As pointed out by Margulis!'* and Alfidi,! intraoperative arteriography 
would have accurately localized the lesion in this patient. Arteriog- 
raphy of the resected operative specimen has been extremely reliable 
in documenting removal of the AV M. 


Discussion 


Angiography. In cases of undiagnosed chronic gastro- 
intestinal blood loss and anemia, mesenteric arteriography 
should be undertaken prior to exploratory laparotomy.?:!^ 
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The literature details a distressing trail of multiple nega- 
tive abdominal explorations for chronic gastrointestinal 
blood loss prior to the availability of selective mesenteric 
angiography.'!® Only rarely has any author noted evi- 
dence of the lesion on gross inspection at surgery (dilated 
mesenteric vein). Some of these lesions initially 
evade the pathologist as well, only to be found by 
arteriography of the resected specimen. *:!* 
Angiographically, AVM's appear as small vascular 
tufts usually fed by a single artery; invariably, there is 
early visualization of the vein draining the AVM. This 
early appearance of the draining vein may be the only 


TABLE l. Type I Arteriovenous Malformations of the Gastrointestinal Tract 


Age/ Location 
Author Sex of Lesion 
1956 Rutter” 31/M Ascending colon 
1960 Margulis'® 69/F Cecum 
1963 Nusbaum?" 60/F Duodenum 
1965 Wholey? Cecum 
1968 Kanter’ 46/F Jejunum 
1968 Reuter?! 55/F Hepatic flexure 
15/F Transverse colon 
1969 Baum 45/F Cecum 
IS/F Jejunum 
1969 Edie’ 72/F Ascending colon 
1970 Showalter”? 35/F Ileocolic 
65/F Cecum 
197] Foster? 32/F Appendiceal stump 
1971 Grodsinsky"? 77/M Cecum 
62/M Cecum 
72/M Ascending colon 
60/M Cecum 
75/F Cecum 
76/F Cecum 
1972 Cooperman? 69/F Ascending colon 
52/F Cecum 
1972 Genant'? 65/F Cecum 
66/M Ascending colon 
1973 Whitehouse?! 65/M Distal ileum 
62/M Cecum 
37/M Distal ileum 
57/F Cecum 
1974 Heald’? 54/M Distal esophagus 
65/M Cecum 
1974 Hernandez" 65/M Cecum 
1974  Pastershank?" 44/F Stomach 
1975  Crichlow* 59/F Cecum 
74/M Cecum 
66/F Cecum 
Dieterling® 71/F Cecum 
31/F Duodenum 
Osborne® S8/M Sigmoid colon 
1975 Fieber? 80/M Cecum 
1975 N. Engl. J. Med.’ 75/M Cecum 
1976 Moore" 55/F Ascending colon 
58/F Hepatic flexure 
60/M Right colon 
61/F Right colon 
66/M Cecum 
SI/F Transverse colon 
64/M Right colon 
1976 Univ. Miss. IS/F Cecum 
61/M Distal ileum 


Comments 


Two negative explorations prior to diagnosis 
Symptomatic 20 yrs; total colectomy 
Symptomatic 38 yrs 


Two negative explorations prior to diagnosis; symptomatic 18 yrs 
Two negative explorations prior to diagnosis 

Post operative death 

Treated nonoperatively 

One negative exploration prior to diagnosis 

Symptomatic 21 yrs; two negative explorations prior to diagnosis 
Symptomatic 4 yrs; one negative exploration prior to diagnosis 

8 yrs after incidental appendectomy 

Visibly enlarged mesenteric vessels 

One negative exploration prior to diagnosis 


Symptomatic 18 yrs 
Lesion not found in surgical specimen 


Two negative explorations prior to diagnosis 
Symptomatic 6 yrs; two negative explorations prior to diagnosis 


Refused surgery 

Symptomatic 21⁄2 yrs 

Lesion not found in surgical specimen 

One negative exploration prior to diagnosis 
One negative exploration prior to diagnosis 
Treated nonoperatively 


One negative exploration prior to diagnosis 


Symptomatic 2 yrs 
One negative exploration prior to diagnosis 


Symptomatic 2 yrs 
Symptomatic 11⁄2 yrs 
Symptomatic 3 yrs 
Symptomatic 5 yrs 
Symptomatic 3 yrs 


Lesion not removed at first operation 





Number of Cases 


i j : i 
O 


IO-20 2l-30 3l-40 41-50 
Patient Age Group 


5I-60 61-70 7-80 80+ 


Fic. 6. Age distribution of patients found to have Type I AVM’s. 


evidence of the AVM.5"? The differential diagmosis of 
these arteriographic findings includes other lesions of 
similar appearance. Cecal carcinoma, leiomyosarcoma, 
and carcinoid have been described in this manner.! 
However, these neoplastic lesions (including many 
hemangiomas) are frequently detected by barium contrast 
studies. Selective visceral angiography has localized other 
sources of gastrointestinal bleeding such as polyps, 
diverticula, or carcinoma.??!?!5 In any case of gastro- 
intestinal hemorrhage without hematemesis, there is scant 
controversy arteriography increases the accuracy of pre- 
operative diagnosis and thereby facilitates treatment. As 
previously emphasized, arteriography must precede 
barium contrast studies in order to avoid obliteration of 
detail with overlying barium. It is also noteworthy that 
active bleeding need not be present in order to visualize 
the AVM at arteriography. 

Pathology. Pathologically, AVM's are to be d fferenti- 
ated from the lesions of hereditary hemorrhagic telangi- 
ectasia and the more common hemangiomas. Hereditary 
hemorrhagic telangiectasia (Osler-Weber-Rendu) almost 
invariably involves a family history of gastro:ntestinal 
bleeding and characteristic lesions of skin, nasopharyngeal 
membranes, and gastrointestinal tract. 

The etiology of this condition remains speculative. 
Moore et al.' consider the type of AVM presented 
here to be acquired; however, the reason for the pre- 
dominant ileocolic location and acquisition in later life 
remains obscure. Gentry et al.!! describe these lesions as 
telangiectasia: '* A dilatation of existing blood vessels. . . 
capillary in structure, but, microscopically, channels 
larger than normal are observed” (Fig. 5). Others feel 
this lesion most closely resembles the well-known spider 
angioma with its radial orientation about a certral feed- 
ing artery (an incomplete analogy not meant to imply 
these lesions are the same).* Hemangiomas, on the other 
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hand, are true neoplastic growths. Capillary hemangiomas 
represent new growth of small closely packed vessels, 
irregularly arranged with well differentiated endothelium. 
Hyperplasia of the endothelial cells is a consistent feature. 
Cavernous hemangiomas are large, blood-filled lakes 
lined by endothelium; growth occurs by angioblastic 
proliferation at the periphery. !! 

Moore et al.' have recently simplified the differ- 
entiation of AVM's bv classification as to Type I, II, or 
II. The AVM's presented here, and in those cases 
reviewed from the literature, fall into the Type I 
category: single, well-localized malformations which are 
microscopic in size, usually present in later life, and 
diagnosed principally by selective arteriography. The 
Type II lesions represent a type of congenital AVM, or 
phlebectasia, easily identified grossly, found in the 
younger age groups and considered congenital in origin. 
Hereditary hemorrhagic telangiectasia represents the 
gastrointestinal AVM’s of the Type III category. 

A review of the literature reveals 47 AVM's; 22 (45%) 
of these were found in the cecum. Thirty-seven AVM's 
involved the distal ileum, cecum, ascending colon, or 
hepatic flexure; 8076 could be resected by right hemi- 
colectomy (Table 1). With equal distribution male to fe- 
male, the average age at diagnosis was 56, ranging from 
15 to 81 years. Seventy-five per cent of the patients are 
in the 50-80 year age group (Fig. 6). Noteworthy is 
the reported absence of multiple AVM's contrary to pre- 
vious suggestion (perhaps in confusion with AVM's of 
hereditary hemorrhagic telangiectasia). The cases pre- 
sented here tend to typify the previously reported find- 
ings with several common denominators: chronic blood 
loss and anemia, predominant location in the ileocolic. 
area, and characteristic angiographic picture as the only 
means of diagnosis. Case 2 demonstrates the additional 
value of arteriography of the operative specimen to doc- 
ument resection of the AVM. 

The recurring pattern of prolonged blood loss and de- 
layed diagnosis suggests that a more aggressive approach 
to arteriography in the patient with an apparent occult 
source of gastrointestinal bleeding might improve di- 
agnosis and treatment with a concomitant decrease in 
morbidity. 
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Factors Influencing Survival of Patients 
with Permanent Cardiac Pacemakers 


S. P. NOLAN, M.D., R. S. CRAMPTON, M.D., L. B. MCGUIRE, M.D., R. C. MCGANN, M.D., 


H. C. HOLZ, M.P.H., W. H. MULLER, JR., M.D. 


With the advent of permanent cardiac pacing, technology has 
produced power sources that will last two, four, and even 20 
years. The cost of these devices is proportional to their complexity 
and expected life. Therefore, the selection of an appropriate 
pulse generator should be based on the patient's prognosis. 
An actuarial analysis of 319 consecutive patients receiving 
permanent cardiac pacemakers was performed in order to deter- 
mine whether prepacing factors influenced prognosis. The survival 
probability at 5 years was not influenced by sex, race, type of 
conduction defect, or antecedent disease. Survival rate decreased 
only slightly for each decade of life, but even in the ninth 
decade there was an acceptable prognosis. 


HE FIRST clinical application of permanent cardiac 
T pacing was reported in 1961.'!° At that time, per- 
manent cardiac pacing offered palliation to those few pa- 
tients who were diagnosed as having permanent complete 
atrioventricular conduction block and who could tolerate 
general anesthesia and a thoracotomy. During the sub- 
sequent years, many changes have occurred in the ap- 
proach to cardiac pacing. These changes have ineluded: 
I) an improvement of surgical techniques; 2) the develop- 
ment of more sophisticated pulse generators and elec- 
trodes; 3) a broadening of the indications for permanent 
cardiac pacing; 4) an exponential increase in the rumber 
of patients identified as requiring cardiac pacing; and, 5) 
technological developments that have increased the func- 
tional life of pacemakers. As a consequence of these 
changes, it is now possible to institute permanent pacing 
in any patient from infancy through the ninth decade of 
life with a low operative morbidity and mortalitv. This 
improved technology has provided pulse generators that 
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will function for 2, 4, 7. or even 20 years. However, 
the cost and complexity of these devices is directly 
proportional to their expected life.° 

Unfortunately, little attention has been paid to the 
longevity of patients with permanent cardiac pacemakers. 


Without this knowledge, the surgeon and cardiologist will . 


have little rational basis for the implantation of costly 
and complex long-life pulse generators. In order to deter- 
mine the justification for permanent pacing, and to select 
the proper device, it is necessary to know the expected 
survival of paced patients. 

The probability of survival with permanent cardiac 
pacing was examined by retrospective analysis of the 
records of 319 consecutive patients receiving cardiac 
pacemakers at the University of Virginia Hospital during 
a 12-year period. Survival was also correlated with those 
factors existing before pacing. 


Materials and Methods 


Between February, 1961, and June, 1973, 319 patients 
received permanent cardiac pacemakers. The clinical 
course of these patients was followed through August of 
1973. The hospital charts, office records, and electro- 
cardiograms were reviewed. Followup data were obtained 
from clinical notes, referring physicians, and autopsy 
records. The data were placed on punch cards, tabulated 
by computer, and edited. The survival probability was 
determined by à standard actuarial analysis. The sig- 
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nificance of difference at 3 and 5 years was deter- 
mined by the chi-square method, using a 95% confidence 
limit. 

Some of the factors analyzed in this study, and their 
definitions, are as follows: Age—This was defined as the 
age of the patient at the time of initiation of permanent 
cardiac pacing; Congestive heart failure — This diagnosis 
was attributed to any patient with a history of congestive 
heart failure not temporally related to the onset of the 
conduction disturbance; Diabetes mellitus— This di- 
agnosis was based upon the laboratory documentation of 
diabetes mellitus during the patient's hospitalization. 
Antecedent myocardial infarction — The diagnosis of a 
previous myocardial infarction was made historically. 
The infarctions had occurred a month or more prior to 
admission for cardiac pacing; Antecendent cerebrovas- 
cular accident — The diagnosis of a previous cerebro- 
vascular accident was made if there was a history or 
the physical findings of a localized neurological deficit 
developing and persisting for 24 hours or more prior to 
admission. 

The equipment employed for permanent cardiac pacing 
varied with the changes in technology. From 1961 to 
1966, all patients had epicardial electrodes implanted 
through a left thoracotomy under general anesthesia. 
From 1966 to 1973, 87% of the patients received 
endocardial electrodes implanted under local anesthesia. 
In 1966 and 1967 atrial synchronous ventricular pace- 
makers were used in 8 of the patients. However, from 
1967 to 1973, the majority of patients received ventricular 
inhibited, demand-plus generators.* All of the surviving 
patients returned for followup 6 weeks after operation. 
Thereafter they returned at 6-month intervals, at which 
time a history was obtained and a physical examination. 
electrocardiogram and fluoroscopy were performed. All 
patients were asked to return to the hospital for an elective 
replacement of their pulse generators at the time of the 
manufacturer's predicted 5% failure rate due to depletion 
of the power source of the specific device. 





Results and Discussion 


Entire Group 


The 319 patients undergoing permanent cardiac pacing 
accumulated a total of 10,756 pacing months. The age at 
the time of initiation of pacing ranged from one year to 
97 years, with an average of 68.8 years. Each of the pa- 
tients was followed either to the time of death or to the 
completion of the study. The majority were referred from 
outlying communities. Fifty-three per cent lived 50 miles 


* The eight atrial synchronous pulse generators and electrodes were 
manufactured by the Cordis Corporation, Miami, Florida. All other 
pulse generators and electrodes were manufactured by Medtronic, Inc., 
Minneapolis, Minnesota. 
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TABLE l. Causes of Death 


Pulse generator failure | 


Acute myocardial infarction 9 
Congestive heart failure 10 
Cerebrovascular accident 9 
Unrelated causes 14 
Unknown || 

Total 54 


or more from the Medical Center, and 24% at a distance 
greater than 150 miles. 

During the period of study there were 54 deaths (Table 
I). The cause of death was determined as follows: 
pulse generator failure, one patient; acute myocardial 
infarction, 9 patients; congestive heart failure, 10 pa- 
tients; cerebrovascular accident, 9 patients; Causes un- 
related to heart disease or conduction defects, 14 pa- 
tients; cause of death unknown, 1l patients. Siddons’ 
analyzed 145 deaths occurring in patients with permanent 
cardiac pacemakers. Approximately one-third. of the 
deaths were due to causes unrelated to pacing or cardiac 
disease, one-third were the result of cardiovascular dis- 
ease but unrelated to pacing or the underlying conduc- 
tion defect, and one-third were due to sudden unex- 
plained death, insufficient followup, or to failure of the 
pacing system. In this study, the distribution of the specific 
causes of death was similar: however, the cause of death 
was not necessarily related to the antecedent risk factors. 

Ideally, the survival of a paced population should be 
compared to that of a similar unpaced population. There 
are several reports of the natural history of patients with 
Adams-Stokes attacks and/or complete heart block. 
Johansson! found that only 50 per cent of these patients 
survived one year after the diagnosis was established. 
Unfortunately. the study was based on patients with com- 
plete heart block who were treated before the era of 
permanent cardiac pacing. In order to evaluate the true 
effectiveness of cardiac pacing. it would be necessary to 
randomize similar patients into paced and unpaced cate- 
gories in a prospective study. The value of permanent 
cardiac pacing is so well established today that such a 
randomized study is not ethically possible. 

In order to provide a group for comparison, the Virginia 
State Life Tables for 1959-1961" were used to develop 
a population matched to the 319 paced patients by age, 
sex and race. The survival rates of this matched popula- 
tion are shown in Fig. | as 88% at 3 years and 80% at 
5 years. The paced population demonstrates a slightly 
decreased survival rate of 83% at 3 years and 76% at 5 
years. However, if the deaths occurring within the first 
6 months are eliminated, there is no significant difference 
in survival between the general population and those pa- 
tients with permanent cardiac pacing. 
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Because the patients in this study lived a considerable 
distance from the Medical Center, it was not possible for 
the majority to return at frequent intervals to permit 
detection of impending power source failure. For this 
reason, a policy was established whereby each patient 

e. Matched Was readmitted to the hospital for elective replacement 

Population of his pulse generator, at the time of the manufacturer's 

becca predicted 5% failure rate. It is possible that this method 

dapes of followup and treatment prevented death due to pulse 
generator failure. 







0.5 Sex 

There were 188 males and 131 females. The distribu- 
tion by sex and age is shown in Fig. 2. The 3-year 
survival probability for males was 83% and for females, 
82%. At 5 years it was 75% for both groups. The dif- 
ference in survival at these two time periods is not sig- 
nificant. For the general population, the survival prob- 
ability of females is slightly greater than that for males: 
however, the female requiring permanent cardiac pacing 
has the same prognosis as the male. 


SURVIVAL PROBABILILTY 


PACING YEARS 


Fic. |. The actuarial curve of 319 patients with permanent cardiac 100 
pacemakers (solid line) compared to a matched population frem the 
State of Virginia (broken line). The 3-year (circle) and 5-year (tri- 
angle) intervals are indicated on each curve. If those deaths occurring 
in the first 6 months with pacing are eliminated, there is no differ- 
ence between the two groups. 


[^s 
Females 


There have been several reports??* of the survival 
probability with cardiac pacing, which have indicated a 
lower survival rate than in this study (Table 2). The re- 
ported 5-year survival rate has ranged from 38% to 65%, 
and the reasons for our improved results are not clear. In 50 
two of the reported series,?^ the average age of the pa- 
tients was two to4 years greater than in ours. On the other 
hand, it is not possible to determine whether the other 
antecedent factors were comparable. 


FREQUENCY 


TABLE 2. Survival Probability 


Survival 


Number Average Probability 
of Paced Age in 
Reference Patients Years 3 Yr 5 Yt UNS; 
Inberg? 49 65.7 63% 38% «60 60-69 70-79 80.89 90+ 
Furman? 114 12 60% s0% 
Van Der Heide? 285 70 72% S8; 
Siddons” 649 68.5 3% 65% AGE 
Sowton' 161 65.3 80 65% l 
U. Va. 319 68.8 830% 16% Fic. 2. The distribution of 319 permanently paced patients by age and 


sex. The age in years is indicated at the bottom of the graph. 
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There were 281 white patients and 38 non-white pa- 
tients. Thus, 12% of the paced population was non- 
white. The non-white population was evenly distributed 
by age, as shown in Fig. 3. The survival probabilities of 
the whites were 84% and 77% at 3 and 5 years, 
respectively. These differences were not significant at 3 
years, and at 5 years the number of non-whites was insuf- 
ficient to permit valid analysis. These findings would sug- 
gest that the non-white population has the same prognosis 
with permanent cardiac pacing as does the white 
population. 


Conduction Disturbance 


The presence of atrioventricular conduction block was 
the justification for permanent cardiac pacing in 217 pa- 
tients. An additional 63 patients underwent permanent 
pacing for a sick sinus syndrome. The remainder of the 
patients were paced for a variety of reasons, including 
bradytachyarrhythmias, hypersensitive carotid sinus, and 


- 77 | | White 
- 7 Non- 
T | white 
5 
c 
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AGE 


Fic. 3. The distribution of 319 permanently paced patients by age and 
race. The age in years is indicated at the bottom of the graph. 
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TABLE 3. Age vs. Survival 


Number Survival Probability 
Age in of Paced 
Years Patients 3 Yr TYT 
<60 53 94% &1% 
60-69 100 85% 80% 
70-79 111 79% 71% 
80-89 49 74% 74% 
=9() 6 (67%)* (67%)* 


* Insufficient data 


others. The survival probability of the patients with 
atrioventricular conduction block was compared to that of 
the patients with sick sinus syndrome. At 3 years the 
survival rates were 83% and 84%: however, at 5 years, 
the number of patients with sick sinus syndrome was in- 
sufficient to allow valid comparison. That patients with 
a sick sinus syndrome have the same prognosis as those 
with atrioventricular block is interesting. Johansson‘ 
found that, before the pacing era, only 50% of those pa- 
tients with complete heart block survived for one year. 
The diagnostic category of sick sinus syndrome is rela- 
tively new, and the natural history of this condition is 
not known. 


Age at Initiation of Permanent Pacing 


Table 3 lists the number of patients in each age group 
and the 3- and 5-year probability of survival. There were 
only 6 patients over the age of 90; this was too small a 
group for analysis. Figure 4 is a plot of the actuarial 
curves for each of the age groups through the ninth 
decade of life. There is a slight decrease in the prob- 
ability of survival with increasing age. Although 80% of 
the patients in the seventh decade of life survived for 5 
years, only 75% of those in the ninth decade did. All 
of the patients in the ninth and tenth decade of life were 
thought by their referring physicians to enjoy a reason- 
able quality of life, and none was senile. Thus, for pa- 
tients in the eighties and nineties, permanent cardiac 
pacing offers a reasonable increase in the length and 
quality of life. 


Antecedent Diseases 


In order to develop a group for comparison with pa- 
tients with antecedent diseases, an actuarial curve was 
calculated for the "'ideal patient." The ideal patient was 
defined as a white male requiring cardiac pacing but 
without antecedent diseases. These criteria were met by 
I0] patients and the survival rate for this group was 
slightly better than that of a matched general popula- 
tion. When the survival rate of the ideal patients is com- 
pared to that of patients with antecedent diseases, the 
relative prognosis of these conditions can be seen. In Fig. 
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Fic. 4. The actuarial curves of permanently paced patients by age at 
initiation of pacing. The age range in years of each group is indicated at 
the end of each curve. N, is the total number of patients in each 
group at time 0. The 3-year (circle) and 5-year (triangle) intervals 
are indicated on each curve. There were only 6 patients over the age of 
90 years. This was too small a group to analyse. 


5. the 5-year survival probability for 40 patients with 
diabetes mellitus was 50%; for 64 patients with congestive 
heart failure, 70%: for 44 patients with an antecedent 
myocardial infarction, 85%; and for 21 patients who had 
suffered a previous cerebrovascular accident, the 5-year 
survival probability was 59%. These four conditions are 
usually indicators of generalized vascular disease and, 
therefore, their existence in patients requiring permanent 
cardiac pacing has been assumed to carry a poor prog- 
nosis; however, only diabetes mellitus or a preceding 
cerebrovascular accident decreases survival probability, 
while an antecedent myocardial infarction or congestive 
heart failure does not change the survival rate significantly. 


Conclusions 


For this group of permanently paced patients, the 
survival probability parallels that of the general popula- 
tion. If those deaths occurring within 6 months of the 
initiation of pacing are eliminated, the survival prob- 
ability of the paced patients is the same as that of the 
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general population. Several factors have been analyzed 
which can be determined before the institution of perma- 
nent cardiac pacing but which have little influence on the 
prognosis of these patients. The absolute survival of an 
individual cannot be predicted from this information, 
but an approximate prognosis can be established. With 
this information, it should be possible to determine, 
before the initiation of permanent pacing, the type of pac- 
ing device that should be employed. 


Addendum 


A paper under this title was delivered before the Southern Surgical 
Association in December, 1975. Subsequently, a critical error in the 
preparation of the data for actuarial analysis was discovered, and the 
manuscript was revised to conform to the corrected analysis. The 
previous discussion of the paper has been omitted since it is not 
relevant to the revised text. 
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Fic. 5. The actuarial curves for the "ideal patient," and for pa- 
tients with antecedent diseases. There were 101 "ideal patients," de- 
fined as white males without antecedent disease. There were 64 patients 
with congestive heart failure (CHF), 40 patients with diabetes mellitus, 
44 patients with a prior myocardial infarction (AMI), and 21 patients 
with previous cerebrovascular accidents (CV A). The 3-year (circle) and 
5-year (triangle) intervals are indicated on each curve. The pre-existence 
of diabetes mellitus, or a prior cerebrovascular accident, was associated 
with a decreased survival probability. 
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Clinical Effect of Allopurinol on Preserved Kidneys: 


A Randomized Double-blind Study 


LUIS H. TOLEDO-PEREYRA, M.D., PH.D.,* RICHARD L. SIMMONS, M.D., LESLIE C. OLSON, B.S., JOHN S. NAJARIAN, M.D. 


We investigated. the clinical posttransplant effect of allopurinol 
on preserved kidneys. Thirty-four paired kidneys from brain-dead 
cadavers were preserved by hypothermic pulsatile perfusion 
with silica gel fraction in separate cassettes. Allopurinol was 
added to one perfusate and omitted from the other in a ran- 
domized, double-blind, prospective plan. There was no difference 
in the short-term or long-term function of either group of kidneys. 
Allopurinol does not appear to have as consistent a beneficial 
effect on non-ischemically damaged human kidneys as that ob- 
served experimentally on ischemically damaged canine organs. 


HE INCIDENCE of acute tubular necrosis (ATN) after 
T cadaver kidney preservation varies from 20 to 
55%?45-11 depending on the drug treatment before or dur- 
ing organ retrieval, the type of preservation system, and 
the length of ischemia and perfusion time. In our labor- 
atory, we noted that allopurinol, a xanthine-oxidase 
blocker, protected canine kidneys from 60 minutes at 25° 
warm ischemia damage.” Encouraged by our previous 
findings, we tested the clinical effect of allopurinol 
during renal preservation, in a randomized prospective 
double-blind system to determine if allopurinol in the 
perfusate reduced the incidence of ATN. 


Materials and Methods 


In a period of 742 months (Sept. 30, 1974—May 15, 
1975) 34 cadaver kidneys from 17 consecutive donors 
acquired. by our donor team were included in a double- 
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blind, randomized study to determine the effect of al- 
lopurinol on renal preservation. Kidneys harvested by 
other teams were not included in this study. Seventeen 
kidneys were treated with allopurinol during preserva- 
tion and the other 17 kidneys served as controls and 
received no allopurinol. All kidneys were harvested and 
preserved by hypothermic pulsatile perfusion before they 
were transplanted to patients with end-stage renal failure 


at our medical center and other medical institutions. All 


recipients were evaluated for at least 8 months after 
transplantation. The actuarial survival of all kidneys was 
calculated by the method of Merrell and Shulman,?° 
and functional survival included all losses either due to 
technical failure, preservation failure, graft rejection, or 
patient death. Kidney function, tissue matches, kidney 
loss, warm and cold ischemia time, recipient's age, and 
acute tubular necrosis were considered in the final 


comparison, as was length of preservation. The surgeons . 


were not aware which xidney was used for which recipient 
until the code was broken in December of 1975. 

The standard technique of kidney retrieval was used in 
all brain-dead heart beating cadaver donors. After 
nephrectomy, the blood was flushed from the organ with 
cold (4?) lactated Ringer's solution containing 10,000 
units/liter of heparin sodium and 0.1 g/L of procaine 
hydrochloride, until the venous effluent ran clear. Kid- 
neys were preserved in the Mox-100 perfusion system at 
a systolic perfusion pressure of 60 mm Hg; oxygen pres- 
sure (O), 200 mm Hz; pH, 7.4 and temperature of 7°. 
Silica gel fraction (SGF) of plasma!$^!5 was used as a 
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regular perfusate. SGF contains normal concentrations of 
extracellular electrolytes and an osmolarity of 285—300 
mOsm/liter. Phenolsulfonphthalein, 1 ml/liter; mag- 
nesium sulfate 50%, 2 ml/liter; regular insulin, 80 
units/liter; ampicillin sodium, 1 gm/liter; and methyl- 
prednisolone, 750 mg/liter were routinely added to the 
perfusate. 

Two kidneys from the same cadaver donor were placed 
in separate preservation casettes. The same additives 
were used in each kidney except one, which also re- 
ceived 250 mg/L of sodium allopurinol (Burroughs 
Wellcome Co.). Perfusion pressure, perfusate flow, blood 
gases, electrolytes, and lactic acid dehydrogenase (LDH) 
levels were determined every 2 hours for 6 hours, then 
every 6 to 12 hours in the perfusate until the end of the 
study. The Mox-100 transport module"? was used to send 
kidneys to other transplant centers without interrupting 
perfusion. 

The time that elapsed from the clamping of the renal 
artery, or circulatory failure in the donor, until the 
kidney was washed free of blood was recorded as the 
warm ischemic time. The moment the kidney was flushed 
clear with iced lactated Ringer's solution until the moment 
of revascularization in the recipient was recorded as the 
cold ischemia time. 

Histocompatibility testing was performed on peripheral 
blood donor lymphocytes of lymph node cells removed 
at the time of nephrectomy. Recipient cytotoxic anti- 
bodies directed against donor cells were studied by the 
microlymphocytotoxicity method of Amos and associ- 
ates.! No patient with cytotoxic antibodies to the donor 
tissue received a kidney graft. 

Operative transplant technique, immunosuppression, 
and postoperative treatment remained relatively con- 
stant. Renal function was defined as that sufficient to 
sustain life and not require hemodialysis. Permanent 
reinstitution of dialysis, graft removal, or patient death 
were all considered graft failure. The diagnosis of ATN is 
a clinical one, and designates these patients who require 
at least one dialysis treatment after transplantation and 
before regaining renal function. 


TABLE 1. Differences Between Control and Allopurinol 
Treated Kidneys (Average Values) 


Number 
HLA 
Identities 
Recipient with 
donor Preservation 
Age Time (hrs) 
(mean + SE) Sex(#) <l >2 (mean + SE) 
Control 315 x 3,3 M (13) 6 5 24.9 € 12 
(17 kidneys) F (4) 
Allopurinol 24 2l M (14) 6 4 32.5 + 4.0 
(17 kidneys) F (3) 
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Fic. 1. Osmolarity, perfusate pressure and flow during perfusion of 
human kidneys with and without allopurinol. 


Results 


There were no significant differences in age. sex. anti- 
gen matching, preservation time and length of ischemia 
between the control and allopurinol treated kidneys 
(Table 1). Warm ischemia was less than 5 minutes in all 
cases. None of the donors was in clinical shock prior to or 
during donation. There was no warm ischemia or hypo- 
tension observed in either group of kidneys. The average 
preservation time of the allopurinol treated kidneys was 
8 hours longer (32 hours) than the other group (24 
hours). There were no significant differences in osmolar- 
ity, mean perfusate pressure or perfusate flow at any time 
(Fig. 1). Although slightly modified, the differences be- 
tween the pH, potassium and LDH also were not sig- 
nificant, even in the allopurinol treated kidneys (Fig. 2). 

There were no significant differences in either long- 
term or short-term function of those kidneys perfused with 
allopurinol and those untreated kidneys. The time of on- 
set of diuresis, the time at which creatinine clearance 
exceeded 5 ml/min, the average number of dialyses re- 
quired were almost identical in both groups. There was 
no difference in the incidence of ATN in any group even 
though those kidneys perfused with allopurinol were per- 
fused for longer periods of time (Table 2). Two kid- 
neys perfused with allopurinol and transplanted at other 
institutions never functioned. Only one kidney perfused 
without allopurinol and transplanted at another institution 
never functioned. All kidneys transplanted at the Uni- 
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Fic, 2. pH, potassium and LDH during perfusion of human kidneys 
perfused with and without allopurinol. 


versity of Minnesota achieved normal function and only 
1 of 15 kidneys has been lost for any reason in the 
following 8—16 months (Fig. 3). 


Discussion 


Allopurinol, a xanthine-oxidase inhibitor, blocks the 
synthesis of uric acid, thereby increasing the accumula- 
tion of xanthine, hypoxanthine and other purine nucleo- 
tides’ within the perfused tissue. The exact mechanism 
by which allopurinol prevents the irreversible damage that 
occurs after severe ischemic injury is not known. DeWall 
et al.5 and Vasko and associates,” after studying the re- 
sponse of the ischemic canine myocardium and kidney 
to allopurinol, suggested that the recovery of the damaged 
organ was based on the preservation of the pool of func- 
tional purine bases that would allow for an increase in the 
formation of high energy nucleotides. These purine inter- 
mediates can be converted to adenosine triphosphate 
(ATP), if sufficient oxygen becomes available after the 
initial ischemic i injury. We have demonstrated that canine 


-TABLE 2. Proportion of Recipients of Preserved Kidneys 
Requiring At Least One Dialysis 


Perfusion Length 


E , Perfusate \ 


24 hr  »24-30hr  »30-40hr 40-70 hr 
With: Allopurinol 
(17) 2/6 1/2 2/4 4/5 
Without 
. Allopurinol (17) 4/6 2/9 2/2 0/0 
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kidney damage produced by 60 minutes of warm ischemia 
at 25? could be prevented if, before nephrectomy, the 
donor dog was first treated with allopurinol, and the ex- 
cised kidneys were then perfused with a plasma perfusate 
combined with allopurinol.*°* 

Experimentally, the protective effect of allopurinol on 
ischemic kidneys?:429:25.25 ischemic hearts,® small 
bowel,” and liver** has been demonstrated. 

The severity of damage increases with the degree and 
duration of ischemia. Murdock and Cho demonstrated 
that perfused dog kidnzys did not respond to allopurinol 



















lOO wen 
MT anaa 
ja Dara ER euer uum PERDERE ue 
9 75 ) 
9 Control (I7) Allopurinol (17) 
2 
- 5 
I 
C5 
~ 25 A. All Cadaver 
d Kidneys 
IOO E M ne me o 
. Ld re) 
$9 75 Control (9) Y 
5 Allopurinol (6) 
5 
u 
o 50 
m 
ES B. Transplanted at 
> 25 . Transplanted a 
S University Hospitals 
lOO 
= Control (8) 
: - m m 
o 1D A c 
9 xv c Ó— Oe re 
50 Se (tt) 
5 
C5 
sS 25 C. Transplanted at 


Other Centers 


4 
Months Post -transplantation 


e 6 l2 


Fic. 3. Long-term function of perfused cadaver kidneys. All kidneys 
have been followed at least 744 months. All causes of kidney loss in- 
cluding patient death are recorded. 
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when the ischemia was increased to 37° for one hour. An 
ischemic injury of such a magnitude (37°) for one hour, 
followed by 24 hours of hypothermic pulsatile perfusion, 
caused irreversible damage.?! 


Toledo-Pereyra and colleagues'? did not observe any 


reconversion of purine intermediates to ATP during the 
hypothermic perfusion of ischemic kidneys treated with 
allopurinol. Immediately after revascularization, how- 
ever, the ATP levels were significantly higher in the 
allopurinol treated kidneys than in the untreated group. '? 
Keaveny, Cunningham and Fitzgerald? also obtained 
higher levels of ATP after treatment of ischemic rat 
kidneys with allopurinol. Lindsay and associates? recently 
demonstrated higher concentrations of ATP, and lesser 
levels of potassium and lactic acid on ischemic canine 
hearts chronically treated with allopurinol. 


We could not confirm our animal studies in this pro- 


spective randomized trial in human cadaver kidneys. 
Several factors of this clinical study differ from our experi- 
mental protocol. First of all, there was no period of warm 
ischemia to the cadaver kidneys that would be expected 
to result in renal damage such as that deliberately in- 
flicted on the animal kidneys for experimental purposes. 
Secondly, the human cadaver donors were not pretreated 
with allopurinol and the amount of allopurinol used 
during preservation was half the dosage we used in the 
laboratory model in order to assure the absence of damage 
to the kidney due to the allopurinol. Thirdly, the plasma 
perfusate (SGF) in this clinical study varied in some basic 
characteristics from the cryoprecipitated plasma or hu- 
man plasmanate used experimentally since we have found 
that silica gel fraction plasma perfusate is superior to 
standardized cryoprecipitated plasma for preservation. 
- Finally, the length of preservation was longer in the hu- 

w man kidneys treated with allopurinol (32 hours, average) 
than in the group of canine kidneys (24 hours).?9?? 
These factors probably account for some of the differ- 
ences observed in the clinical study. We can say that 
allopurinol in this dose did not apparently damage the 
kidneys and we cannot determine whether it will be of 
value in those circumstances in which warm ischemia 
damage occurs. 
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Book Reviews 


The Essentials of Paediatric Surgery (3rd edition). Harold 
Nixon and Barry O'Donnell, 369 pages. London, Wm. 
Heinemann Medical Books Ltd.. 1976. 


THE THIRD EDITION of Nixon's The Essentials of 


Paediatric Surgery should provide a welcome reference 
source on this subject for students and houseofficers 
alike. As clearly stated in the introduction to this volume, 
this book makes no attempt to cover any subject in 
great depth, but rather provides a brief review of many 
important topics in Pediatric Surgery, along with a rather 
up-to-date bibliography. The format of the book is excel- 
lent with each chapter carefully outlined at its beginning. 
The delightfully British narrative is followed by selected 
recent bibliographic sources. There are several inequities 
in the overall coverage of topics in that there are several 
chapters dealing with Pediatric Orthopedic matters and 
far less coverage of Pediatric Cardiopulmonary problems. 
[t is also unfortunate that a more universally accepted 
nomenclature is not used in the description of the various 
tracheoesophageal fistula and imperforate anus anom- 
alies. The most outstanding chapters in the book deal 
with appendicitis, recurrent abdominal pain, vomiting 
and chronic constipation. The chapter dealing with the 
surgical aspects of jaundice remains antedated, with 
little discussion of the newer techniques of hepatic portal 
enterostomy. Likewise, the chapter dealing with therapy 
in intussusception places far too little. reliance. upon 
the hydrostatic barium reduction of these lesions. These 
criticisms aside, this book provides delightful reading 
and offers a broad coverage of problems encountered in 
the average Pediatric Surgical practice. It is well recom- 
mended to students and those physicians seeking a 
general review of these subjects. 

i BRADLEY M. RopGERs, M.D. 


Hemodynamics for Surgeons. D. E. Strandness and D. S. 
Sumner 698 pages. New York, Grune and Stratton, Inc., 
1975. 


THIS INFORMATIVE VOLUME provides a thorough refer- 
ence for the researcher and clinician alike. The first por- 
tion deals with the basic physiology of flow in arteries, 
veins and lymphatics: the hemodynamic characteristics 
of the heart; and the mechanical properties of blood 
vessels. Such topics require the use of detailed technical 
expressions and mathematical explanations. Even though 
such discussions are involved, they are clearly stated 
and are expressed in terms of anatomic and physical 
values that are clinically applicable. This approach allows 
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the book to be both informative and practical to all physi- 
Clans practicing vascular surgery. 

The major portion of this work considers problems 
such as limb blood flow, occlusive arterial disease, princi- 
ples of vascular grafts and grafting, problems of venous 
disease, extracranial arterial disease, and specific organ 
blood flow. These chapters provide clear explanation of 
the pathophysiology behind clinical disease and the 
rationale for modern therapy of these entities. 

The detailed information on the range of topics makes 
this work an impressive compendium of the background 
information on vascular disease. It is an invaluable refer- 
ence for the practicing vascular surgeon as well as for 
those who wish to investigate these concepts through 
more in-depth research. 

JAMES C. A. FucHs, M.D. 


Abdominal Surgery — An Atlas of Operative Techniques. 
Pietro Valdoni Translated and adapted by George Nardi. 
290 pages, Philadelphia, W. B. Saunders, 1976. 


AN ATLAS HAS always been a popular instrument with 
surgeons in translating operating techniques into a visual 
mode. Some are heavy with text and sparsely illustrated. 
Others keep explanatory notes at a minimum and are 
well illustrated. Professor Pietro Valdoni’s Atlas of 
Abdominal Surgery falls into this latter group. His artist, 
Vittoria Fornasari, has done a superb job utilizing both 
color plates and black and white diagrams, many single 
drawings filling a single 10 x 13 inch page. The detail, 
with special emphasis on blood supply and lymph node 
distribution will delight the surgical reader. 

George Nardi's translation is clear and concise for the 
American reader. The art work does not have the photo- 
graphic detail of a Frank Netter but the diagramatic style 
makes the operative steps easy to follow. The Atlas invites 
the reader into the operating room of a leading Italian 
surgeon to share the lifetime experience of this capable 
teacher. 

The entire gastro-intestinal tract is well covered but, 
as with all surgeons, there will be some differences in 
opinion. Whether one advocates a side-to-side ileocolonic 
anastomosis or not, in no way detracts from the value of 
this Atlas. 

When this reviewer visited Professor Valdoni's Clinic 
years ago, choledoduodenostomy was being used fre- 
quently instead of a T-tube drainage of the common duct. 
The Atlas not only describes this operation in detail 
but the now more favored papillotomy. 

A study of this well designed Atlas might conceivably 
be a substitute for a trip to the University of Rome. 

GEORGE R. DuNLOP, M.D. 
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Before prescribing. please consult complete product information, a 
summary of which follows 


INDICATIONS: Tigan is indicated for the control of nausea and 
vomiting 


CONTRAINDICATIONS: The injectable form of Tigan in children, the 
suppositories in premature or newborn infants, and use in patients 
with known hypersensitivity to trimethobenzamide are contra- 
indicated Since the suppositories contain benzocaine they should not 
be used in patients known to be sensitive to this or similar local 
anesthetics 


WARNINGS: 


Caution should be exercised when administering Tigan to chil- 
dren for the treatment of vomiting Antiemetics are not recom- 
mended for treatment of uncomplicated vomiting in children 
and their use should be limited to prolonged vomiting of known 
etiology There are three principal reasons for caution 


1 There has been some suspicion that centrally acting anti- 
emetics may contribute. in combination with viral illnesses (a 
possible cause of vomiting in children), to development of 
Reyes syndrome. a potentially fatal acute childhood enceph- 
alopathy with visceral fatty degeneration, especially involving 
the liver Although there is no confirmation of this suspicion, 
caution is nevertheless recommended 


2 The extrapyramidal symptoms which can occur secondary 
to Tigan may be confused with the central nervous system 
signs of an undiagnosed primary disease responsible for the 
vomiting. e g . Reyes syndrome or other encephalopathy 


3 It has been suspected that drugs with hepatotoxic potential 
such as Tigan, may unfavorably alter the course of Reyes syn- 
drome Such drugs should therefore be avoided in children 
whose signs and symptoms (vomiting) could represent Reyes 
syndrome It should also be noted that salicylates and aceta- 
minophen are hepatotoxic at large doses Although it is not 
known that at usual doses they would represent a hazard in 
patients with the underlying hepatic disorder of Reyes syn- 
drome, these drugs. too, should be avoided in children whose 
signs anc symptoms could represent Reye s syndrome. unless 
alternative methods of controlling fever are not successful 
eee 


Tigan may produce drowsiness Patients should not operate motor 
vehicles or other dangerous machinery until their individual responses 
have been determined Reyes syndrome has been associated with 
the use of Tigan and other drugs. including antiemetics. although their 
contribution. if any. to the cause and course of the disease hasn t been 
established Thissyndrome is characterized by an abrupt onset shortly 
following a nonspecific febrile illness, with persistent, severe vomit- 
ing. lethargy, rrational behavior, progressive encephalopathy leading 
to coma. convulsions and death 


Usage in Pregnancy: Trimethobenzamide hydrochloride was studied 
in reproduction experiments in rats and rabbits and no teratogenicity 
was suggested The only effects observed were an increased percent- 
age of embryonic resorptions or stillborn pups in rats administered 
20 mg and 100 mg/kg and increased resorptions in rabbits receiving 
100 mg/kg In each study these adverse effects were attributed to 
one or two dams The relevance to humans is not known Since there 
IS no adequate experience in pregnant or lactating women who have 
received this drug. safety in pregnancy or in nursing mothers has not 
been established 


PRECAUTIONS: During the course of acute febrile illness, encepha- 
litides, gastroenteritis, dehydration and electrolyte imbalance, espe- 
cially in children and the elderly or debilitated, CNS reactions such 
as opisthotonos, convulsions, coma and extrapyramidal symptoms 
have been reported with and without use of Tigan or other antiemetic 
agents. In such disorders caution should be exercised in administering 
Tigan, particularly to patients who have recently received other CNS- 
acting agents (phenothiazines, barbiturates, belladonna derivatives). 
It is recommended that severe emesis should not be treated with an 
antiemetic drug alone; where possible the cause of vomiting should 
be established. Primary emphasis should be directed toward the res- 
toration of body fluids and electrolyte balance, the relief of fever and 
relief of the causative disease process. Overhydration should 
be avoided since it may result in cerebral edema. 

The antiemetic effects of Tigan may render diagnosis more difficult 
in Such conditions as appendicitis and obscure signs of toxicity due 
to overdosage of other drugs 


ADVERSE REACTIONS: There have been reports of hypersensitivity 
reactions and Parkinson-like symptoms There have been instances 
of hypotension reported following parenteral administration to sur- 
gical patients There have been reports of blood dyscrasias. blurring 
Of vision, coma, convulsions, depression of mood. diarrhea, disorien- 
tation, dizziness, drowsiness, headache. jaundice, muscle cramps and 
opisthotonos If these occur, the administration of the drug should be 
discontinued Allergic-type skin reactions have been observed. there- 
fore, the drug should be discontinued at the first sign of sensitization 
While these symptoms will usually disappear spontaneously, sympto- 
matic treatment may be indicated in some cases 


NOTE: The injectable form is intended for intramuscular use only. it 
is not recommended for intravenous use 


HOW SUPPLIED: Suppositories. Pediatric, 100 mg. boxes of 10 Sup- 
positories, 200 mg. boxes of 10 and 50 : 
Ampuls. 2 ml. boxes of 10 Multiple-Dose Vials. 20 ml Thera-Ject 
(Disposable Syringes), 2 ml. boxes of 10 Capsules 250 mg. bottles cf 

100 and 500. 100 mg. bottles of 100 
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TIGAN,.... 


(trimethobenzamide HCI) 


for reliable control of postoperative 
nausea and vomiting 


Nausea and vomiting may seriously disrupt 
the course of recovery from surgery. Torn 
sutures, fluid and electrolyte imbalance, and 
disturbed digestive function are among the 
untoward consequences of unchecked nausea 
and vomiting. 

Tigan is a specific antiemetic-antinauseant, 
with no other indications. Its action is so 
smooth and gentle that patients seldom 
experience any effect but the relief of nausea 
and vomiting Tigan was designed to give. 

Side effects are not unknown in 
patients taking Tigan, but these effects 
are seldom sufficient to require with- 
drawal of therapy. (Please see prescrib- 
ing information.) 

he instruction, “Tigan 200 mg I.M., 
p.r.n. q6h for nausea" on your patiénts' 
charts should help keep their recovery 
smooth and unruffled y disturbances 
either from emesis or from antiemetic | 
side effects. encre 


TIGAN injectables 


(trimethobenzamide HCl) 


for prompt relief 
of postoperative nausea and vomiting 


















Ampuls 
Thera-Ject* Disposable Syringes 


*Tigan injectable forms are 
contraindicated in children. 


Please see adjoining page for Brief $ummary. 
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. — Relieve psychic tension and anxiety states- 
— Relieve predominant anxiety with secondary 
depressive symptoms in the psychoneurotic 
patient 
— Relieve anxiety associated with organic or 
functional disorders 

— Relieve anxiety prior to surgery (I.M. 
route recommended) 

— Relieve anxiety as an adjunct prior to 
endoscopic procedures (I.V. route recom- 
mended) 

— Relieve anxiety prior to elective cardio- 
version (I.V. route recommended) 










Note: Adverse reactions other than drowsiness, fatigue and ataxia 
are rare. Patients should be cautioned against driving, operating 
dangerous machinery and simultaneous ingestion of alcohol. En- 
courage patients to adhere to the prescribed dosage regimen or to 
discuss any needed adjustment with you. 


Please see the summary of product information on the third page of this advertisement. 
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— Oral Valium provides initial patient response 
within hours; significant improvement within days 

— Injectable Valium administered I.V. produces 
an immediate and pronounced effect in minutes 

— And, I.V. Valium provides the added benefit 
of diminished patient recall when used prior to 
cardioversion or as an adjunct before endoscopic 
procedures 


VALIUM, 


diazepam 


2-mg, 5-mg, 10-mg scored tablets 

ready-to-use 2-ml Tel-E-Ject'disposable syringes 
2-ml ampuls +5 mg/ml 

10-mi vials 


^" VALIUM 


DOES SO MUCH 
SOWELL. 


Before prescribing, please consult complete product 
information, a summary of which follows: 
Indications: Tension and anxiety states; somatic complaints 
which are concomitants of emotional factors; psycho- 
neurotic states manifested by tension, anxiety, appre- 
hension, fatigue, depressive symptoms or agitation; 
symptomatic relief of acute agitation, tremor, impend- 
ing or acute delirium tremens and hallucinosis due to 
acute alcohol withdrawal; adjunctively in: relief of skel- 
etal muscle spasm due to reflex spasm to local pathol- 
ogy; spasticity caused by upper motor neuron disorders; 
athetosis; stiff-man syndrome. Oral form may be used adjunc- 
tively in convulsive disorders, but not as sole therapy. /njectable 
form may also be used adjunctively in: status epilepticus; severe 
recurrent seizures; tetanus; anxiety, tension or acute stress reactions 
prior to endoscopic/surgical procedures; cardioversion. 
Contraindications: Tablets in children under 6 months of age; known 
hypersensitivity; acute narrow angle glaucoma; may be used in patients with open 
angle glaucoma who are receiving appropriate therapy. 
Warnings: As with most CNS-acting drugs, caution against hazardous occupations 
requiring complete mental alertness (e.g., operating machinery, driving). Withdrawal 
symptoms (similar to those with barbiturates, alcohol) have occurred following 
abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, vomiting, 
sweating). Keep addiction-prone individuals (drug addicts or alcoholics) under care- 
ful surveillance because of predisposition to habituation/dependence. 

Usage in Pregnancy: Use of minor tranquilizers during first trimester 

should almost always be avoided because of increased risk of congenital 

malformations, as suggested in several studies. Consider possibility of 

pregnancy when instituting therapy; advise patients to discuss therapy if 

they intend to or do become pregnant. 
ORAL: Advise patients against simultaneous ingestion of alcohol and other CNS 
depressants. 
Not of value in treatment of psychotic patients; should not be employed in lieu of 
appropriate treatment. When using oral form adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand mal seizures may require 
increase in dosage of standard anticonvulsant medication; abrupt withdrawal in 
such cases may be associated with temporary increase in frequency and/or severity 
of seizures. 
INJECTABLE: To reduce the possibility of venous thrombosis, phlebitis, local irritation, 
swelling, and, rarely, vascular impairment when used I.V.: inject slowly, taking at 
least one minute for each 5 mg (1 ml) given; do not use small veins, i.e., dorsum of 
hand or wrist: use extreme care to avoid intra-arterial administration or extravasation. 
Do not mix or dilute with other solutions or drugs, or add to I.V. fluids. 
Administer with extreme care to elderly, very ill, those with limited pulmonary reserve 
because of possibility of apnea and/or cardiac arrest; concomitant use of barbitu- 
rates, alcohol or other CNS depressants increases depression with increased risk of 
apnea; have resuscitative facilities available. When used with narcotic analgesic 
eliminate or reduce narcotic dosage at least 1/3, administer in small increments. 
Should not be administered to patients in shock, coma, acute alcoholic intoxication 
with depression of vital signs. 
Has precipitated tonic status epilepticus in patients treated for petit mal status or 
petit mal variant status. 
Withdrawa! symptoms (similar to those with barbiturates, alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, 
vomiting, sweating). Keep addiction-prone individuals under careful surveillance 
because of predispositicn to habituation/dependence. Not recommended for OB 
use. 
Efficacy/safety not established in neonates (age 30 days or less); prolonged CNS- 
depression observed. In children, give slowly (up to 0.25 mg/kg over 3 minutes) to 
avoid apnea or prolonged somnolence; can be repeated after 15 to 30 minutes. If no 
relief after third administration, appropriate adjunctive therapy is recommended 
Precautions: |f combined with other psychotropics or anticonvulsants, carefully 
consider individual pharmacologic effects—particularly with known compounds 
which may potentiate action of Valium (diazepam), j.e., phenothiazines, narcotics, 
barbiturates, MAO inhibitors and antidepressants. Protective measures indicated in 
highly anxious patients with accompanying depression who may have suicidal ten- 
dencies. Observe usual precautions in impaired hepatic function; avoid accumula- 
tion in patients with compromised kidney function. Limit oral dosage to smallest 
effective amount in elderly and debilitated to preclude ataxia or oversedation (initially 
2 to 2v» mg once or twice daily, increasing gradually as needed or tolerated). 
INJECTABLE: Although promptly controlled, seizures may return; readminister if 
necessary; not recommended for long-term maintenance therapy. Laryngospasm/ 
increased cough reflex are possible during peroral endoscopic procedures; use 
topical anesthetic, have necessary countermeasures available. Hypotension or mus- 
cular weakness possible, particularly when used with narcotics, barbiturates or 
alcohol. Use lower doses (2 to 5 mg) for elderly/debilitated. 
Adverse Reactions: Side effects most commonly reported were drowsiness, fatigue, 











diazepam 


2-mg, 5-mg, 10-mg scored tablets 
ready-to-use 2-ml Tel-E-Ject" 
disposable syringes 

2-ml ampuls 
10-ml vials 


5 mg/ml 


ataxia. Infrequently encountered were confusion, constipation, 
depression, diplopia, dysarthria, headache, hypotension, in- 
continence, jaundice, changes in libido, nausea, changes in 
Salivation, skin rash, slurred speech, tremor, urinary retention, 
vertigo, blurred vision. Paradoxical reactions such as acute hyper- 
excited states, anxiety, hallucinations, increased muscle spas- 
ticity, insomnia, rage, sleep disturbances and stimulation have 
been reported; should these occur, discontinue drug. Because 

of isolated reports of neutropenia and jaundice, periodic blood 

counts, liver function tests advisable during long-term therapy. Minor 
changes in EEG patterns, usually low-voltage fast activity, have been observed 
in patients during and after Valium (diazepam) therapy and are of no known 
significance. 

INJECTABLE: Venous thrombosis/phlebitis at injection site, hypoactivity, 
syncope, bradycardia, cardiovascular collapse, nystagmus, urticaria, 
hiccups, neutropenia. In peroral endoscopic procedures, coughing, de- 

pressed respiration, dyspnea, hyperventilation, laryngospasm/pain in 

throat or chest have been reported. 
Dosage: Individualized for maximum beneficial effect. 

ORAL—Adults: Tension, anxiety, psychoneurotic states, 2 to 10 mg b.i.d. to 

q.i.d.; acute alcohol withdrawal, 10 mgt.i.d. or q.i.d. in first 24 hours, then 
5 mglt.i.d. or q.i.d. as needed; adjunctively in skeletal muscle spasm, 2 to 10 mg 

t.i.d. or q.i.d.; adjunctively in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. Geriatric 

or debilitated patients: 2 to 2Y2 mg 1 or 2 times daily initially increasing as needed 

and tolerated. (See Precautions.) Children: 1 to 2¥2 mg t.i.d. or q.i.d. initially increas- 
ing as needed and tolerated (not for use under 6 months). 

INJECTABLE: Usual initial dose in older children and adults is 2 to 20 mg I.M. or I.V., 

depending on indication and severity. Larger doses may be required in some condi- 

tions (tetanus). In acute conditions injection may be repeated within 1 hour, although 
interval of 3 to 4 hours is usually satisfactory. Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or debilitated patients and when sedative drugs are 
added. (See Warnings and Adverse Reactions.) 

For dosages in infants and children see below; have resuscitative facilities available. 

I.M. use: by deep injection into the muscle. 

l.V. use: inject slowly, take at least one minute for each 5 mg (1 ml) given. Do not use 

small veins, i.e., dorsum of hand or wrist. Use extreme care to avoid intra-arterial 

administration or extravasation. Do not mix or dilute with other solutions or drugs; do 
not add to I.V. fluids. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. and severe psychoneurotic 

reactions, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if necessary; acute alcoholic 

withdrawal, 10 mg I.M. or I.V. initially then 5 to 10 mgin 3 to 4 hours if necessary. 

Muscle spasm, in adults, 5 to 10 mg I.M. or I. V. initially then 5 to 10 mgin 3to 4 

hours if necessary (tetanus may require larger doses); in children, administer I.V. 

slowly; for tetanus in infants over 30 days of age, 1 to 2 mg I.M. or I.V., repeat every 3 

to 4 hours if necessary; in children 5 years or older, 5 to 10 mg repeated every 3 to 4 

hours as needed. Respiratory assistance should be available. 

Status epilepticus, severe recurrent convulsive seizures (l.V. route preferred), 5 to 10 

mg adult dose administered slowly, repeat at 10- to 15-minute intervals up to 30 mg 

maximum. Repeat in 2 to 4 hours if necessary keeping in mind possibility of residual 
active metabolites. Use caution in presence of chronic lung disease or unstable 

cardiovascular status. Infants (over 30 days) and children (under 5 years), 0.2 to 0.5 

mg slowly every 2 to 5 min., up to 5 mg (I. V. preferred). Children 5 years plus, 1 mg 

every 2 to 5 min., upto 10 mg (slow |.V. preferred); repeat in 2 to 4 hours if needed. 

EEG monitoring may be helpful. 

In endoscopic procedures, titrate I.V. dosage to desired sedative response, generally 
10 mg or less but up to 20 mg (if narcotics are omitted) immediately prior to proce- 

dure; if I.V. cannot be used, 5 to 10 mg I.M. approximately 30 minutes prior to 

procedure. As preoperative medication, 10 mg I.M.; in cardioversion, 5 to 15 mg I. V. 

within 5 to 10 minutes prior to procedure. Once acute symptomatology has been 

properly controlled with injectable form, patient may be placed on oral form if further 
treatment is required. 

Management of Overdosage: Manifestations include somnolence, confusion, coma, 

diminished reflexes. Monitor respiration, pulse, blood pressure; employ general sup- 

portive measures, l.V. fluids, adequate airway. Use levarterenol or metaraminol for 
hypotension, caffeine and sodium benzoate for CNS-depressive effects. Dialysis is of 
limited value. 

Supplied: Tablets, 2 mg, 5 mg and 10 mg, bottles of 100 and 500; Tel- E-Dose* (unit 

dose) packages of 100, available in trays of 4 reverse-numbered boxes of 25, and in 

boxes containing 10 strips of 10; Prescription Paks of 50, available singly and in trays 
of 10. Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; Tel-E-Ject* (disposable 
syringes), 2 ml, boxes of 10. Each ml contains 5 mg diazepam, compounded with 

40% propylene glycol, 10% ethyl alcohol, 5% sodium benzoate and benzoic acid as 

buffers, and 1.5% benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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Now you can protect and inspect a draining wound 
without the trauma or bother of dressing removal. 
Only the Hollister® Draining-Wound Management 
System isolates the wound without concealing it 
from view. 


This modern wound-care method does away with 
most—if not all—of the problems associated with 
absorbent dressings. The Hollister system lets you... 


see hemorrhaging or other unwelcome conditions de- 
veloping at the wound site. 

keep drainage away from the wound, protecting the skin 
treat the wound without time-wasting dressing changes 
assess and measure exudate without removing the 
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isolate the wound, guarding against two-way contami- 
nation 


ideal for fistulas and for use after any draining 
surgical procedure. Everything is supplied sterile 
for quick application in the O.R., recovery, I.C.U. 
or patient's room. 


If you want to see what's going on at the wound 
site, you'll want to see the Hollister-system. Write 
for complete information. 


Herren 


INSPECT 
WOUND 


through transparent 
Access Cap without 
trauma of dressing 

removal: to treat 
wound or advance 
drain tube remove 
just the Cap 


COLLECT 
EXUDATE 


in a Drainage 
Collector that «eeps 
fluid away from 
wound and odor 
away from patient 
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Nebcin: 


tobramycin sulfate 


In treating serious gram-negative infections... 


ectiveness 
and safety are of 
equal importance 


When prescribing antibiotics for patients with serious infections, every physician weighs 
effectiveness against safety... and tries not to sacrifice one for the other. 















General effectiveness 
Thegeneral effectiveness of Nebcin is now well known. Clinical studies have shown Nebcin to be 
indicated in the treatment of septicemia; C.N.S. infections, including meningitis; neonatal sepsis; 


serious lower respiratory infections; gastrointestinal infections, including peritonitis; skin, bone, 
and soft-tissue infections, including burns; and serious complicated and recurrent urinary tract 


infections caused by susceptible strains of the organisms listed below. 


Nebcin is usually active against most strains of the following 
organisms: 


Pseudomonas aeruginosa 

Proteus sp. (indole-positive and indole-negative), including 
Proteus mirabilis, Pr. morganii, and Pr. vulgaris 

Escherichia coli 

Klebsiella-Enterobacter-Serratia group 

Citrobacter sp. 

Providencia sp. 

Staphylococci, including Staphylococcus aureus (coagulase- 
positive and coagulase-negative) 


Safety 

Nebcin has been studied in 3,506 patients. Close analysis of 
adverse reactions reported suggests that Nebcin provides a 
desirable balance of effectiveness and safety. 

In the 3,506 case reports submitted to Eli Lilly and Company, 
drug-related side-effects (including abnormal laboratory values) 
were reported in 136 (3.9 percent) of the patients. Those of doubtful 
relationship to Nebcin were noted in 233 (6.6 percent). Adverse 
reactions were severe enough to warrant discontinuation of the 


drug in seventy cases. 


Bendush, C. L., and Weber, R.: Clinical Results with Tobramycin Sulfate: A Summary of 
Worldwide Experience, J. Infect. Dis. (Supplement) (in press). 


WARNINGS 


Patients treated with Nebcin should be under 
close clinical observation, because tobramycin 
and other aminoglycoside antibiotics have an 
inherent potential for causing ototoxicity and 
nephrotoxicity 

Both vestibular and auditory ototoxicity can 
occur. Eighth-nerve impairment may develop if 
patients have preexisting renal damage and if 
Nebcin is administered for longer periods or in 
higher doses than those recommended 

Tobramycin is potentially nephrotoxic Renal 
and eighth-nerve function should be closely 
monitored in patients with known or suspected 
renal impairment and also in those whose renal 
function is initially normal but who develop signs 
ot renal dysfunction during therapy. Such 
impairment may be characterized by cylindruria. 
Oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN. or creatinine) 
Evidence of impairment in renal. vestibular, or 
auditory function requires discontinuation of the 
drug or dosage adjustment 

Nebcin should be used with caution in 
premature and neonatal infants because of their 
renal immaturity and the resulting prolongation of 
serum half-life of the drug 

In the case of Overdosage or toxic reactions. 
peritoneal dialysis or hemodialysis will help 
remove tobramycin from the blood 

Serum concentrations should be monitored 
when feasible, and prolonged concentrations 
above 12 mcg./ml. should be avoided Urine 
should be examined for increased excretion of 
protein, cells. and casts 

Concurrent and sequential use of other 
neurotoxic and/or nephrotoxic antibiotics, 
particularly streptomycin, neomycin. kanamycin, 
gentamicin. cephaloridine, paromomycin 
viomycin. polymyxin B. colistin. and vancomycin. 
should be avoided 

Nebcin should not be given concurrently with 
potent diuretics. Some diuretics themselves cause 
ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by 
altering antibiotic concentrations in serum and 
tissue 

Usage in Pregnancy Safety of this product for 
use during pregnancy has not been established 
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Renal system: ‘To maximize efficacy 
incidence of adverse effects and minimize risk 


Adverse Reactions in the Renal System 1. Follow recommended dosage schedules 
Ks CC M? — Renal function changes, as shown for all patients; adjust dosage and/or 
ondition or ts E M ini. ibit OA RM dii at 
Laboretery 46 Classified Gy Investigator by rising BUN, NPN, and serum dosage intervals in patients with 
Value ————————— treeatinine and by oliguria, have impaired renal function. 
Related Doubtful ] 3 i 
been reported with Nebcin, 2. Moni — Tm 
Serum creatinine 36 29 especially in patients on high dosage Ee en SR ate whe is "NT 
BUN MANN n 43 and/or prolenged therapy and is -— y ik ut in whom oliguria 
Due idis 6 13 particularly in those with known or SIE CUR ie NE ume BUM 
Blood urea 12 14 suspected renal impairment. The (increasing serum creatinine, (9 
Albuminuria | 4 accompanying table summarizes the NPN) develops during therapy. 
Uric acid | O {£ . e ] Nu" 
WBC 5 renal ce ie d the study 3. Examine urine for an increase in 
RBC 0 5 group of 3,906 patients. protein, cells, and casts. 
88 141 ; 
(in 53 patients)* (in 105 patients)* 4. Monitor renal function in all high-risk 


patients —the elderly, debilitated, and 
those with impaired renal function 
caused by trauma, surgery, infection, or 
chemotherapy. 


* Two patients are included in both categories; therefore, a total 
of 156 had 229 abnormal (related plus doubtful) adverse effects. 


N i 5. Monitor serum concentrations when 
ervous system: feasible , and avoid prolonged levels 


above 12 mcg./ml. Determine serum 


incidence of adverse effects uu ch E 


Adverse Reactions in the Nervous System above those usually recommended. 
SS B npe elas on bom the l TE 
Number of Effects 6. Assess auditory and vestibular function 


vestibular and auditory branches of 


Condition as Classified by Investigator during prolonged treatment in patients 
the eighth nerve can occur. mr 
Related Doubtful ! with known or suspected renal 
: Impairment of eighth-nerve ME: cip ae 

Vestibular inci Anite mane E impairment and in those with initially 

Hisense 9 9 unction is most likely in patients bi DOE D 

c ume normal renal function who develop 
Vestibular disturbances 5 with renal damage, especially in dict tack due aise wie 
" r . ` S4 enal GYS C 

Nystagmus 2 0 those on high dosage and/or b Y 8 

Vertigo 2 0 i | therapy. 
Áudio prolonged therapy. Effects on 

Hearing decrease 5 vestibular and/or auditory function 7. Avoid the concomitant or sequential 

De Kom : 2 in the group of 3,506 patients are use of drugs that are potentially ototoxic 

y ING : Sho i ^C( i S" 
Headache 5 shown in the accompanying table. or nephrotoxic. 
Taste O 2 
Apnea O 1 
Asthenia 0 1 
Neuropathy (not specified) 0 1 
32 23 
(in 23 patients) (in 21 patients) 


In patients with normal renal function who do 
not receive Nebcin in higher doses or for longer 
periods of time than those recommended, the 
risk of toxic reactions is low. However, patients 
treated with Nebcin should be under close 
clinical observation, because tobramycin and 
other aminoglycoside antibiotics have an 
inherent potential for causing ototoxicity and 
nephrotoxicity. 
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Nebcin’ 


tobramycin sulfate 


Summary of Prescribing Information 








WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inher 
ent potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impair- 
ment may develop if patients have preexisting renal damage and if Nebcin 
is administered for longer periods or in higher doses than those 
recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve functian 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but 
who develop signs of renal dysfunction during therapy. Such impairment 
may be characterized by cylindruria, oliguria, proteinuria, or evidence of 
nitrogen retention (increasing BUN, NPN, or creatinine). Evidence of 
impairment in renal, vestibular, or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and 
prolonged concentrations above 12 mcg. /ml. should be avoided. Urine 
should be examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions inserum and tissue. 

Usage in Pregnancy—Safety of this product for use during pregnancy 
has not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injec- 
tion is a clear and colorless sterile aqueous solution for parenteral administra- 
tion. It is stable and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole- negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphy- 
lococci, including Staphylococcus aureus (coagulase-positive and 
coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratoryanfec- 
tions; gastrointestinal infections, including peritonitis; and serious skin, bene, 
and soft-tissue infections, including burns, caused by the susceptible organisms 
listed above. Clinical studies have shown Nebcin also to be effective in serious 
complicated and recurrent urinary tract infections due to these organisms. 
Aminoglycosides, including Nebcin, are not indicated in uncomplicated initial 
episodes of urinary tract infections unless the causative organisms are not 
susceptible to antibiotics having less potential toxicity. Nebcin may be considered 
in serious staphylococcal infections when penicillin or other potentially less toxic 
drugs are contraindicated and when bacterial susceptibility testing and clinical 
judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate 
and identify etiologic organisms and to test their susceptibility to tobramycin. If 
susceptibility tests show that the causative organisms are resistant to tobramy- 
cin, other appropriate therapy should be instituted. In patients in whom gram- 
negative septicemia, neonatal sepsis, or meningitis is suspected, including those 
in whom concurrent therapy with a penicillin or cephalosporin and an aminogly: 
coside may be indicated, treatment with Nebcin may be initiated before the 
results of susceptibility studies are obtained. The decision to continue therapy 
with Nebcin should be based on the results of susceptibility studies, the 
severity of the infection, and the important additional concepts discussed in the 
WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examinaticn, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg./Kg.). The possibility that 
prolonged or secondary apnea may occur should be considered if tobramycin is 
administered to anesthetized patients who are also receiving neuromuscusar 
blocking agents, such as succinylcholine or tubocurarine. 


* 
Cross-allergenicity among aminoglycosides has been demonstrated. 


If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 

Adverse Reactions: Nephrotoxicity—Renal function changes, as shown by rising 

BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased 

proteinuria, have been reported, especially in patients with a history of renal 

impairment who are treated for longer periods or with higher doses than those 
recommended. 

Neurotoxicity— Adverse effects on both the vestibular and auditory branches 
of the eighth nerve have been noted, especially in patients receiving high doses or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the 
ears, and hearing loss. 

NOTE: Therisk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than 
those recommended. 

Other reported adverse reactions possibly related to Nebcin include increased 
serum transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, 
granulocytopenia, and thrombocytopenia; and fever, rash, itching, urticaria, 
nausea, vomiting, headache, and lethargy. 

Suggested Dosage Guides—l. M. / l.V.: 

Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg./Kg./day administered in three equal doses every eight hours. In life- 

threatening situations, the dosage may be increased up to 5 mg. /Kg./ day 

administered in three or four equal doses. This dosage should be reduced to 

3 mg./Kg./day as soon as Clinically indicated. (Refer to Table 1 for 

dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function)— 

Up to 4 mg./Kg./day may be given in two equal doses every twelve hours. 

The usual duration of treatment is seven to ten days. 

Dosage guidelines for adult or pediatric patients with reduced renal function— 
After a loading dose of 1 mg./Kg., subsequent dosage must be adjusted either 
with reduced doses at eight-hour intervals or with normal doses at prolonged 
intervals. To determine the reduced dose at eight-hour intervals, see the conven- 
ient nomogram in the package literature.* To calculate normal dosage at 
prolonged intervals (if the creatinine clearance rate is not available and the 
patient's condition is stable), the following formula may be used: 

1 mg./Kg.q.(6 x serumcreatinine) h. 

Neither regimen should be used when dialysis is being performed. 

I.V. Administration —The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. 
The diluted solution usually should be infused over a period of twenty to sixty 
minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals(for patients 
whose steady-state serum creatinine values are known) is to divide the normally recommended 
dose by the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg./Kg.q. 8h. 
(Total, 5 mg./Kg./day) 


mg. /dose ml./dose* 
q. 8 h. 
200 mg. 5 mi. 
191 mg. 4.75 ml. 
183 mg. 
175 mg. 
166 mg. 
158 mg. 
150 mg. 
141 mg. 
133 mg. 
125 mg. 
116 mg. 
108 mg. 
100 mg. 
91 mg. 
83 mg. 
75 mg. 
66 mg. 


Usual Dose for 
Serious Infections 


For Patient 
Weighing 
Kg. Lb. 


1 mg./Kg.q.8h. 
(Total, 3 mg./Kg./day) 


ml./dose*t 


3 ml. 
2.9 ml. 
2.75 ml. 





tApplicable to all product forms except Nebcin, Pediatric, Injection (see How Supplied). 


How Supplied: Ampoules Nebcin® (tobramycin sulfate, Lilly) Injection, 80 mg. 
(equivalent to tobramycin) per 2 ml., 2 ml., rubber-stoppered. 

Ampoules Nebcin, Pediatric, Injection, 20 mg. (equivalent to tobramycin) per 2 
ml., 2 ml., rubber-stoppered. 

Hyporets (disposable syringes, Lilly) Nebcin Injection, 60 mg. (equivalent to 
tobramycin) per 1.5 ml., 1.5 mi., and 80 mg. (equivalent to tobramycin) per 2 
mli., 2 ml., in packages of 24. 

Each ml. also contains 5 mg. phenol as a preservative, 3.2 mg. sodium bisul- 
fite, 0.1 mg. disodium edetate, and water for injection, q.s. Sulfuric acid and/or 
sodium hydroxide may have been added to adjust the pH. [030476] 


Lilly 


600387 


Additional information available 
to the profession on request. 


Eli Lilly and Company 
Indianapolis, Indiana 46206 


! The only disposable 


- surgical suction 
-instrument thats 
and waiting- 
etly—without 
ing vacuum! 
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! e : — Or heard. 
Cover the valve.controliport with your fin- 
ger and suction responds immediately — 
the exact amount of preset vacuum from 
your regulator. Remove your finger and ~ 
vacuum shuts off instantly at the instru- 





E 'acuum now - — and noise — right at the 

handle! 

Return our coupon today. See — and 

^ hear — for yourself! A surgical suction in- 
"wstrument that gives you the preset vac- 
“uum you need, when you need it — 





: ment tip. So hissing noise stops. And vac- without unnecessary noise! 
- uum is conserved, so there's less work S. Y} 


wear, less maintenance. | 
O Please have an Ohio sales 


representative contact me 
for a demonstration of the 
disposable surgical suction 
instrument. 


The OHIO disposable surgical suction in= \ 
strument with smooth Yankauer-style tip. 
Convenient. Quiet. Individually packaged | 


and sterilized for safe, single-patient use. 
O Please send me product 


literature. 
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THE CODEINE f tabl 
LTA Tien M to onal enalaesia 


As a rule only pain that requires 
morphine is beyond the scope of 
Empirin Compound with CodeineNo.4. 
That's because it delivers a full 

grain of codeine. (In the preferred 
phosphate form.) 


There are other good reasons to make 
No. 4 the oral sequel to injectable 
analgesia in your patients. Major 
among them is the low addiction 
liability of codeine. pe 

jil 


There are other bonuses: U pre- 
scribing convenience. Up to 5 refills 
in 6 months at your discretion (unless 
restricted by state law). Telephone 
prescribing in most states. 
EmpirinCompound with Codeine No.4. 
The codeine transition from —and to — 
injectable analgesia. 


a% And the transition from hospital to 

~ A home: Empirin Compound with 

& í Codeine No. 3, containing 32.4 mg 
Ye gr codeine rone 


Burroughs Wellcome Co. 
Research Triangle Park 
i North Carolina 27709 





it hurts 


^EMPIRIN 
COMPOUND 


c CODEINE 
No. 


codeine phosphate* (64.8 mg) gr 1 


Each tablet also contains: aspirin gr 34%, phenacetin 
gr 21^, caffeine gr !^. 
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*Warning — may be habit-forming. 
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VENOL 
TRU-CUT DISPOSABLE 
BIOPSY NEEDLE 


The sharp TRU-CUT Biopsy Needle penetrates to the 
sampling area. Scalpel sharp cutting edges then 
excise a specimen and encase it within the needle for 
withdrawal and examination. 


Unlike other methods that twist and tear 
tissue, TRU-CUT Biopsy Needle surgically cuts the 
specimen in 4 precise and quick procedure. 


TRU-CUT Biopsy Needlesare sterile with 
surgically sharp cutting edges that are used only once. 
Disposability eliminates dangers of cross- 
contamination and the costs of reprocessing a 
reusable unit. 


Available singly or in 
TRAVENOL Biopsy Procedure Trays. 


See directions for use accompanying each product. 


Tissue prolapses into the specimen notch. 


Surgically sharp needle edge cuts clean specimen. 


Specimen remains encased within the needle. 


MEDICAL PRODUCTS DIVISION 


DEERFIELD. ILLINOIS US A. 60015 


SK TRAVENOL LABORATORIES. INC. 








ANTISEPTIC 


SECURITY 


against topical infections 
of skin,wounds, burns 


BETADINE® Ointment provides 
prompt, prolonged broad-spectrum 
microbicidal activity against organ- 
isms commonly encountered in skin 
and wound infections. It is not greasy 
or sticky, and is virtually nonirritating 
to skin and mucosa. It does not stain 
skin and natural fabrics, does not 
block air, and the site of application 
may be bandaged. 


BETADINE Ointment Packette 14> oz. 
and !4 oz., disposable packettes for de- 
germing small skin areas, as in hyper- 
alimentation, catheter care, umbilical 
area care or circumcision. 


BETADINE Ointment 1 oz. tube, for 
treating common skin infections and to 
help prevent infection in abrasions, 
lacerations and burns. 


BETADINE Ointment 1 Ib. and 5 Ib. jar, for 





anti-infective treatment of the burn wound 


or infected stasis ulcers...for extensive 
skin areas...or for prolonged application. 


Purdue Frederick 
€ COPYRIGHT 1975, THE PURDUE FREDERICK COMPANY 
NORWALK CONN 06856 A8085 165375 


BETADINE 


Ointment 


Foremost documented 
broad-spectrum topical 
microbicidal action 








On the surgical service 
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GEOPEN 


(DISODIUM CARBENICILLIN) 


OM, 2-gm, o-0m, and 10-99] Vials 


for treatment of 


mnfgctons due to anaerobes’ 















gram-negative aerobes 
with one antibiotic 


“susceptible strains of indicated organisms 


Indications: Primarily for treatment of infections due to susceptible strains of 
Pseudomonas aeruginosa, Proteus species (particularly indole-positive strains), 
and certain Escherichia coli. Clinical effectiveness has been demonstrated in the 
following infections when due to these organisms: Severe systemic infections 
and septicemia, including meningitis due to Hemophilus influenzae; genitouri- 
nary tract infections including those due to Neisseria gonorrhoeae, Enterobacter, 
and Streptococcus faecalis (enterococcus); acute and chronic respiratory infec- 
tions (though clinical improvement has been shown, bacteriologic cures cannot 
be expected in patients with chronic respiratory disease and cystic fibrosis): 
soft-tissue infections. Also indicated in the following infections due to suscep- 
tible anaerobic bacteria: Septicemia; lower respiratory tract infections such as 
empyema, anaerobic pneumonitis and lung abscess; intra-abdominal infections 
such as peritonitis and intra-abdominal abscess (typically resulting from 
anaerobic organisms resident in the normal gastrointestinal tract): infections of 
the female pelvis and genital tract such as endometritis, pelvic inflammatory 
disease, pelvic abscess and salpingitis; skin and soft-tissue infections. 

. Although indicated primarily in gram-negative infections, activity against gram- 
positive organisms should be kept in mind when both gram-positive and gram- 
negative organisms are isolated (see Actions). 

In infections due to certain susceptible strains of Ps. aeruginosa, clinical 
efficacy may be enhanced by combined therapy with gentamicin sulfate in full 
penc dosages (see gentamicin sulfate package insert). 

NOTE: During therapy sensitivity testing should be repeated frequently to detect 

the possible emergence of resistant organisms. 

Actions: Organisms found to be susceptible /n vitro include: GRAM-NEGATIVE 

ORGANISMS — Ps. aeruginosa, Proteus mirabilis, Pr. morgani, Pr. rettgeri, 

Pr. vulgaris, E. coli, Enterobacter spp, Salmonella spp, H. influenzae, Neisseria 

spp, Bacteroides spp, and Fusobacterium spp. 

GRAM-POSITIVE ORGANISMS — Staphylococcus aureus (non-penicillinase pro- 

ducing), Staph. albus, Diplococcus pneumoniae, beta-hemolytic streptococci, 

Str. faecalis, Clostridium spp, Peptococcus spp, and Peptostrep- 

tococcus spp. 

In vitro synergism between Geopen and gentamicin sulfate has 

been demonstrated for certain strains of Ps. aeruginosa. 

Some newly emerging pathogenic strains of Here/lea, Mima, 

Citrobacter, and Serratia have also shown /n vitro susceptibility. 


Not stable in the presence of penicillinase. Most Klebsiella 
species are resistant. Some strains of Pseudomonas have 
developed resistance fairly rapidly. 

Contraindications: Known penicillin allergy. 

Warnings: Serious and occasional fatal hypersensitivity 
(anaphylactic) reactions have been reported in patients on 
penicillin therapy. These reactions are more apt to occur in in- 
dividuals with a history of sensitivity to multiple allergens. 
Observe patients with renal impairment for bleeding manifesta- 
tions and adhere strictly to dosage recommendations; if bleeding 
manifestations appear, discontinue antibiotic and institute ap- 
popes therapy. 

ndividuals with history of penicillin hypersensitivity reactions 
have experienced severe hypersensitivity reactions when treated 





with a cephalosporin. Before therapy with a penicillin, careful inquiry should be 
made concerning previous hypersensitivity reactions to penicillins, 
cephalosporins, and other allergens. If an allergic reaction occurs, appropriate 
therapy should be instituted and discontinuance of carbenicillin therapy 
considered, unless the infection is life threatening and only amenable to car- 
benicillin therapy. The usual agents (antihistamines, pressor amines, and corti- 
costeroids) should be readily available. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE. OXYGEN AND INTRAVENOUS 
CORTICOSTEROIDS SHOULD ALSO BE ADMINISTERED AS INDICATED. 
Usage in Pregnancy: Safety for use in pregnancy has not been established. 
Precautions: As with any other potent agent, it is advisable to check periodically 
for organ-system dysfunction, including renal, hepatic, and hematopoietic 
systems, during prolonged therapy. Emergence of resistant organisms, such as 
Klebsiellaspp and Serratiaspp, which may cause superinfection, should be kept in 
mind. Each gram contains 4.7 mEq sodium; in patients where sodium restriction 
IS necessary, such as cardiac patients, periodic electrolyte determinations and 
monitoring of cardiac status should be made. In a few patients receiving high 
doses, hypokalemia has been reported; periodic serum potassium determinations 
should be made and corrective measures should be implemented when necessary. 
As with any penicillin preparation, an allergic response, including anaphylaxis, 
may occur, particularly in a hypersensitive individual. Cases of gonorrhea with a 
suspected primary lesion of syphilis should have darkfield examinations before 
treatment. In all other cases where concomitant syphilis is suspected, monthly 
serological tests should be made for a minimum of 4 months. 

Intramuscular injections should be made well within the body of a relatively 
large muscle (not into the lower and mid-third of the upper d and aspiration 
Is necessary to help avoid inadvertent injection into a blood vessel. Intravenous 
infusion should be given as slowly as possible. Reconstituted solution should 
be discarded after 24 hours if stored at room temperature, after 72 hours if 
refrigerated. The maximum recommended dose is 40 gm per day; 
intramuscular injections should not exceed 2 gm per injection. 
Adverse Reactions: Hypersensitivity Reactions—Skin rashes, 
pruritus, urticaria, drug fever, and anaphylactic reactions. Gastro- 
intestinal Disturbances— Nausea. Hemic and Lymphatic 
Systems— Anemia, thrombocytopenia, leukopenia, neutropenia, 
and eosinophilia. Blood, Hepatic, and Renal Studies— SGOT and 
SGPT elevations have been observed, particularly in children. To 
date, no clinical manifestations of hepatic or renal disorders have 
been demonstrated. CAS — Convulsions or neuromuscular ir- 
ritability could occur with excessively high serum levels. Other— 
Pain at the site of injection, rarely accompanied by induration; in 
uremic patients receiving high doses (24 gm/day), hemorrhagic 
manifestations associated with abnormalities cf coagulation 
tests, such as clotting and prothrombin time. Vein Irritation and 
Phlebitis— Particularly when undiluted solution is injected directly 
into the vein. 

How Supplied: Available in 1-gm, 2-gm, 5-gm, and 10-gm vials. 
ane. prescribing or administering, see package circular 
or PDR. 


i Oel IG GED A division of Pfizer Pharmaceuticals New York, New York 10017 
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ANTISEPTIC 
SECURITY 


in scrubbing and 
prepping 


For Surgeons, nurses and patients 
the prompt, broad-spectrum action 
of BETADINE Microbicides 
provides topical antiseptic security. 


BETADINE Surgical Scrub, for 
scrubbing by the surgical team and 
for optimal skin degerming in 
prepping the patient... promptly 
achieves full microbicidal effect with 
each usage... (inthe rare instance 
of local irritation or sensitivity, 
discontinue use in the individual). 


BETADINE Solution or BETADINE 
Aerosol Spray, to enhance antisepsis 
‘in prepping after initial use of 
BETADINE Surgical Scrub. BETADINE 
Solutionand BETADINE Aerosol Spray 
are film-forming...active inthe presence 
of blood, pus and serum...help 
maintain postoperative antisepsis when 
applied to incisions. 








Purdue Frederick 


(€ COPYRIGHT 1975, THE PURDUE FREDERICK COMPANY 


NORWALK, CONN. 06856 A7982 165175 


BETADINE 
E 


Foremost documented cm. 


broad-spectrum Ks 


topical microbicides o 












RA 





DAN 
< ~~. 


DL] 10] 0> 

may be implicated 

in a number of clinical situations, 

including... 

e septic abortions 

e deep wounds 

e bacteremia 

e metastatic or other abscesses in association 
with thromboembolic phenomena 


Sensitivity testing is always Under normal conditions, bacte- 

recommended prior to instituting roides are benign. But in infectious 

therapy with Chloromycetin situations they can be extremely 

(chloramphenicol). However, in virulent. 

some situations, it may be neces- | Fortunately, most bacteroides 

sary to administer Chloromycetin | infections are susceptible to 

before sensitivity tests have been Chloromycetin (chlorampheni- i 

completed. col) therapy. Yet, all too often their drugs are ineffect 
presence goes undetected. So contraindicated. 
today, many authorities recommend But when bacterc 
early—and vigorous—treatment cated, Chloromyca 
anaerobic. aero-intolerant. non- with Chloromycetin when the phenicol) therap 
sporeforming, nonmotile, gram- clinical impression suggests thata conservative coul 
negative bacilli. They most often Bacteroides infection is present. situations, the be 


appear in mixed infections, and are Chioromycetin must be used only with Chloromycet 


highly opportunistic. Further, they in these serious infections for See next page for 
are very difficult to culture. which less potentially dangerous information. 


Bacteroides are the most prevalent 
microbial flora of man. They are 
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often an indication for 


GHLOROMYCETIN 


(chloramphenicol) Sodium Succinate 





Prescribing information—Chloromycetin 
(chloramphenicol) Sodium Succinate 
For intravenous administration 


WARNING 
Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. In addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 


therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 
agents will be effective, as described in the 
Indications section. /t must not be used in the 


treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously, 

2. The oral form of chloramphenicol is readily absorbed 
and adequate blood levels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 
dium succinate should be changed to the oral form 
as soon as practicable. 


DESCRIPTION 


Chloramphenicol is an antibiotic that is clinically use- 
ful for, and should be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml of a 10% solution) of chloram- 
phenicol sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium. 


ACTIONS AND PHARMACOLOGY 


In vitro chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. It is particularly active against Salmonella 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 
Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/ml 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 68% to a 
high of 99% over a three-day period. From 8% to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred mcg/ml 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. However, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 


in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 
1. Acute infections caused by S typhi* 

It is not recommended for the routine treatment of 

the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 

accordance with the concepts expressed above. 

a) Salmonella species 

b) H influenzae, specifically meningeal infections 

c) Rickettsia 

d) Lymphogranuloma-psittacosis aroup 

e) Various gram-negative bacteria causing bacte- 
remia, meningitis, or other serious gram-negative infec- 
tions 

f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


*In the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. /t must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
be carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
cf accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, ard (3) the total number of nondrug- 
associated dyscrasias. 

In a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. If 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema» 
urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. “Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 


a) In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 
(1) abdominal distension with or without emesis; 
(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 

'" symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasible, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

Intravenously as a 10% (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
such as water for injection or 596 dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. In exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.) Precise con- 
trol of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 

Children 

Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood levels in the range effec- 
tive against most susceptible organisms. Severe infec- 
tions (eg, bacteremia or meningitis), especially when 
adequate cerebrospinal fluid concentrations are desired, 
may require dosage up to 100 mg/kg/day; however, it is 
recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under Adverse 
Reactions.) 

A total of 25 mg/kg/day in four equal doses at six- 
hour intervals usually produces and maintains concen- 
trations in blood and tissues adequate to control most 
infections for which the drug is indicated. Increased 
dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of life, full-term infants ordinarily 
may receive up to a total of 50 mg/kg/day equally di- 
vided into four doses at six-hour intervals. These dosage 
recommendations are extremely important because 
blood concentration in all premature infants and full- 
term infants under two weeks of age differs from that 
of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and 
the kidneys. 

When these functions are immature (or seriously im- 
paired in adults), high concentrations of the drug are 
found which tend to increase with succeeding doses. 


Infants and Children with Immature Metabolic Proc- 
esses 

In young infants and other children in whom imma- 
ture metabolic functions are suspected, a dose of 25 
mg/kg/day will usually produce therapeutic concen- 
trations of the drug in the blood. In this group par- 
ticularly, the concentration of the drug in the blood 
should be carefully followed by microtechniques. (In- 
formation available on request.) 
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(1 g/10 ml). Available in packages of 10 vials. 
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The extirpation of the thyroid gland for goiter typifies, 
perhaps, better than any operation the supreme triumph 
of the surgeon's art. 

Halsted 


IXTY-NINE YEARS AGO the Association met in New 

Orleans under the leadership of the distinguished 
Baltimore gynecologist, Howard A. Kelly. Before be- 
ginning a learned dissertation on Art Applied to Medi- 
cine and Surgery,? he voiced the customary com- 
.plaint about the difficulty in selecting a subject 
worthy of the occasion, and he decried the frequency 
with which historical themes have been chosen. 
Said Kelly, 


". .. The reminiscent address, however, is one of only 
periodic utility; too often it wearies the hearer like overmuch 
moralizing. We like at long intervals to visit the graves of 
the departed, but not to dwell there, for the graveyard soon 
palls upon us. I think once in five or 10 years is often 
enough for such an essay, unless, indeed, the attractions of 
a rare historic locality, like that of this most interesting city, 
New Orleans, suggests some peculiar fitness for such a theme 
and almost compels one to break the wise rule—that of 
indulgence only after a protracted period of abstinence.” 


Despite the fact that the admirable addresses of my 
two immediate predecessors have been historical in 
nature, I have decided to disregard Kelly’s admoni- 
tion. I propose to tell you something of the evolu- 
tionary development of thyroid surgery. A compre- 





Presented at the Annual Meeting of the Southern Surgical 
Association, December 5-8, 1976, Palm Beach, Florida. 
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hensive, historical account is not intended; instead, 
the story will be fragmentarily told by bringing before 
you in rapid review some of the famous surgeons 
who were responsible for the remarkable progress 
which began a little over a century ago. 

The definitive history of thyroidectomy is to be 
found in Halsted’s magnificent monograph The Oper- 
ative Story of Goiter.® Published in 1920, this re- 
markable treatise extends through 166 pages, reviews 
375 sources of information and is a model of pre- 
cision, perception and scholarship. It carries the story 
from the beginning of the Christian era to 1883, to 
the time when, in the author's words, ''The art of 
operating for goiter by Billroth and Kocher and men 
of their school had been almost perfected, relatively 
minor problems remaining to be solved.’’® 

Halsted further asserts that ‘‘Greater advance was 
made in the operative treatment of goiter in the decade 
from 1873 to 1883 than in all the foregone years— 
and, I may say, than in all the years that have 
followed.’’!° 

In order to fully appreciate the extent and signifi- 
cance of progress during that eventful decade it is 
important that one should know something of the status 
of goiter surgery prior to that period. 

Historical writings have contained references to 
goiter for more than 3500 years. Although the idea of 
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Fic. 1. Theodor Kocher (1841-1917). 


surgical treatment of goiter was conceived by the an- 
cients and for centuries rare attempts at removal 
were made in cases of impending death from suf- 
focation, it is probable that the first typical partial 
thyroidectomy was not successfully performed until 
the famous French surgeon, Pierre Joseph Desault, 
accomplished it in 1791.° 

Before 1850 about 70 thyroidectomies are known to 
have been performed, with a mortality of 4196 7? 

Some of the recorded details of attempts to excise 
goiters prior to the days of anesthesia, antisepsis 
and artery forceps are almost too horrible to believe. 
With the introduction of general anesthesia in the 
1840's the operation was robbed of much of its hor- 
ror and some of its risk. Infection was the usual 
cause of death, but it was the fear of uncontrollable 
hemorrhage that deterred most surgeons from oper- 
ating. The majority opinion in international surgical 
circles was that the operation was never justified. 

The legendary Robert Liston, one of the most skil- 
ful, dexterous and daring operators in the annals of 
British surgery, apparently was helpless when con- 
fronted with a goiter. In 1846 he wrote, 

"[t has been proposed, again, to cut these tumors cut, and 


some surgeons have ventured upon that, but the result has not 
been at all satisfactory. You could not cut the thyrom gland 
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out of a living body in its sound condition without risking 
the death of the patient from hemorrhage; . . . It is a pro- 
ceeding by no means to be thought of." '!* 


Twenty years later from the famed Philadelphia 
surgeon, Samuel D. Gross, came this statement: 


"Can the thyroid gland when in the state of enlargement 
be removed with a reasonable hope of saving the patient? Ex- 
perience emphatically answers, no! . . . If a surgeon should be 
so foolhardy as to undertake it . . . every step he takes will 
be environed with difficulty, every stroke of his knife will be 
followed by a torrent of blood, and lucky will it be for him if 
his victim live long enough to enable him to finish his horrid 
butchery . . . No honest and sensible surgeon would ever 
engage in it. 


This was the position of thyroid surgery as late as 
1866. During the ensuing five years there transpired 
at least three important events which provided tre- 
mendous impetus to the operative treatment of goiter. 
These were Lister's memorable discovery of antisepsis 
(1867); the development of and wide use of hemostatic 
forceps in European clinics (about 1870); and Theodor 
Kocher's succession to the surgical chair at Berne in 
1872. 

Theodor Kocher (Fig. 1) has been universally and 
deservedly acclaimed as The Father of Thyroid Sur- 
gery. Born in Switzerland in 1841, he was a graduate 
of the University of Berne. He was a pupil of Langen- 
beck and Billroth, and spent his entire medical career 
in Berne, where he became Professor of Surgery at the 
University in 1872 at the age of 31. He quickly 
acquired a vast and remarkably favorable experience 
in thyroid surgery. In a long series of successive 
reports over a period of more than 40 years he 
traced the continuing refinements in his technicaf 
methods and the progressive improvements in his 
operative results. 

During the first 10 years of his tenure at Berne 
Kocher excised 101 goiters, with a mortality rate of 
12.8%. Two hundred and fifty additional cases were 
reported in 1889, with a mortality rate of 2.476. By 
1895 his operative mortality for benign lesions had de- 
clined to a little over 1%; and in a new series of 560 
nonmalignant cases in 1898 to less than 0.2%. In 1917, 
a few weeks before his death at the age of 76, he 
made his final appearance before the Swiss Surgical 
Congress, reviewing his entire surgical experience with 
goiter, reporting on approximately 5,000 operations 
with a mortality rate of about 0.5%. 

It was in 1883 that Kocher published the historic 
paper! in which he considered the ill effects of total 
thyroidectomy, and made his greatest contribution to 
physiology by providing proof that the thyroid gland 
is an organ essential to health. Speaking before the 
12th German Surgical Congress, he presented the now 
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famous case report of Marie Richsel, the 11 year 
old girl on whom he had done his first total 
extirpation. He said: 


ee 


. concerning one patient upon whom I had operated on 
January 8, 1874, the referring physician incidentally reported that 
the girl had undergone marked change in her personality. Indeed, 
he finally informed me that she had become quite cretinoid. This 
seemed to me so important that I made every effort to examine the 
girl, which was not easy since this physician had died very shortly 
after making his report. We were all the more intent upon it since 
our colleague, Reverdin of Geneva, had informed us that he had 
observed two patients who had suffered diminution of mental 
capacity following goiter operations. I was highly astonished at 
the striking appearance of my patient. To crystallize somewhat 
your impressions I shall show photographs of the girl and her 
younger sister, taken before and after the operation. At the 
time of the operation, according to her mother, both girls looked 
so much alike that they were frequently mistaken for each other. 
Whereas in the ensuing 9 years the younger sister blossomed into 
a very pretty young woman, the one operated upon remained 
small and has an ugly, almost idiotic appearance. As soon as this 
was determined I immediately requested all of my goiter patients 
to return for examination.” 


Of Kocher’s 34 patients with total extirpation, 18 
returned for examination. Sixteen of the 18 had the 
symptoms and signs of what we now know to be hypo- 
thyroidism. He described with accuracy the clinical 
picture, speculated at length concerning the possible 
causes of the mental and other physical changes charac- 
teristic of myxedema, observed the striking resem- 
blance to cretinism, and to the syndrome applied the 
name cachexia strumipriva. The realization that this 
debilitating and potentially fatal complication invari- 
ably followed total thyroidectomy so shocked and 
saddened Kocher that he vowed never again to do a 
total extirpation for benign disease. Thereafter he 
advocated lobectomy, reserving total excision for 
malignancy or the unusual instance in which a bilateral 
procedure was required for adequate tracheal de- 
compression. 

It is of interest that only one case of transient tetany 
was observed among Kocher’s 18 patients with total 
thyroidectomy; a striking contrast to the relative fre- 
quency of tetany in Billroth’s experience. Why did 
Kocher’s patients experience myxedema but not tetany 
after total excision, while Billroth’s rarely had myx- 
edema but had a high incidence of tetany? Halsted 
offers this enlightening explanation: 


"I have pondered this question for many years and conclude 
that the explanation probably lies in the operative methods of 
the two illustrious surgeons. Kocher, neat and precise, operating 
in a relatively bloodless manner, scrupulously removed the entire 
thyroid gland, doing little damage outside its capsule. Billroth, 
operating more rapidly and, as I recall his manner, with less 
regard for tissues and less concern for hemorrhage, might easily 
have removed the parathyroids or at least have interfered with 
their blood supply, and have left remnants of the thyroid. ''! 
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Halsted listed Kocher's most significant contribu- 
tions in this field as follows: (1) discovery of the fact 
that total extirpation of the thyroid gland is followed 
by body changes to which he gave the name cachexia 
thyreopriva or cachexia strumipriva; (2) the studies 
with his life-long friend Langhans of malignant tumors 
of the thyroid gland; (3) the perfecting of the operation 
of thyroidectomy; (4) the stimulus which he gave to 
the operative treatment of Graves' disease and to the 
study of the milder forms of hyperthyroidism; (5) the 
recognition of the ingrafted forms of Graves' disease; 
(6) the demonstration of the value of the ligature of the 
arteries as a preliminary step in lobectomy, in the 
highly toxic cases; and (7) the danger of the 
indiscriminate administration of iodine to patients 
with goiter. 

Although Kocher's most significant contributions lay 
in the area of thyroid diseases, he was a surgeon of 
remarkable versatility and breadth of interests. Not 
even Billroth covered a wider range of subjects than he. 
Individual contributions are too numerous to mention, 
ranging as they do over the extensive fields of gunshot 
wounds, localization of spinal cord lesions, gyne- 
cology, diseases of the male genito-urinary tract, frac- 
tures and many aspects of abdominal surgery. His 
operation for hernia, for carcinoma of the rectum, his 
method of mobilizing the duodenum to expose retro- 
peritoneal structures and his maneuver for reducing 
dislocation of the shoulder are all well known and 
still bear his name. 

Many professional honors were conferred upon him, 
including the presidency of the German Surgical As- 
sociation, the Swiss Surgical Congress, and the Inter- 
national Surgical Congress of 1908. Perhaps he valued 
most the Nobel Prize in medicine and physiology 
which came in 1909 in recognition of ‘‘his work in 
physiology, pathology and surgery on the thyroid 
gland." He was the first surgeon to receive the Nobel 
Prize, and the only surgeon ever to win it for purely 
clinical exploits. 

Halsted first met Kocher in the summer of 1899. 
Thereafter he visited the Berne clinic at every oppor- 
tunity and was often a guest in the Kocher home. He 
considered him perhaps the greatest surgeon of his 
time. Although he patterned his residency system after 
that of Langenbeck and Billroth, it was Kocher's tech- 
nique which evoked his admiration. In 1920 he wrote: 


"Many times during the past 20 years I have stood by the side 
of Professor Kocher at the operating table enjoying the rare 
privilege of feeling in complete harmony with the methods of the 
operator, and it is a pleasure to give expression to the sense of 
great obligation which I feel to this gifted master of his art and 
science. ''!? 


Theodor Billroth (Fig. 2) was generally regarded as 
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Fic. 2. Theodor Billroth (1829-1894). 


the nineteenth century's most distinguished surgeon. 
He was born on the Baltic island of Rügen in eastern 
Germany, and was an 1852 medical graduate of the 
University of Berlin. After several months spent in 
visiting leading European surgical clinics, he became 
assistant to Bernard von Langenbeck, the noted 
director of surgery at the University of Berlin. 

In 1856, after three years as assistant to Langenbeck, 
he became Privat-Docent (private lecturer) in surgery 
and pathological anatomy. He was keenly interested in 
the developing science of microscopic pathology: so in 
addition to his clinical duties he devoted an extra- 
ordinary amount of time and energy to the examination 
and classification of the vast tumor material in Langen- 
beck’s clinic. His histological, pathological and bio- 
logical studies and his lectures on operative technique 
and pathological anatomy published during the Berlin 
years were sO numerous and impressive that while still 
in his twenties he received many offers of academic 
appointments in both pathology and surgery. 

In 1860, at the age of 31, he assumed the chair of 
surgery at the University of Zurich. There in a fine new 
university hospital situated in one of the world’s most 
highly endemic goiter regions, he initiated a cautious 
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program of surgical attack on large suffocating goiters. 
During his 6/5 years at Zurich he performed 20 thy- 
roidectomies with a mortality rate of 40%. Seven pa- 
tients died of sepsis; one of hemorrhage. These results 
he regarded as disastrous. He became so discouraged 
with the surgical treatment of goiter that he abandoned 
the operation for almost a decade. 

In justice to Billroth it must be remembered that 
all of his patients had severe pressure symptoms, that 
the deaths with one exception were due to infection, 
and that he was without artery forceps and had to rely 
on aneurysm needles, sutures, hooks and the pressure 
of fingers or sponges for the control of hemorrhage. 

Laterin Vienna with increased experience, improved 
anesthesia, antiseptic technique and artery forceps, 
Billroth ventured again to operate upon goiter. There- 
after his success was remarkable and he contributed 
greatly to the advancement of thyroid surgery. It is 
interesting to compare two series of Billroth's cases. 
From 1860—1881 he performed 84 thyroidectomies; 
and this experience can be divided into two periods. 
In his pre-antiseptic period, 1860—1876, he operated 
upon 36 patients (Zurich 20, Vienna 16) with 16 deaths, 
36.1% mortality. From 1877 to 1881, the antiseptic 
period, he did 48 thyroidectomies with four deaths, 
an operative mortality of 8.396. 

By the early 1880's Billroth had become the most 
experienced thyroid surgeon in the world, and his con- 
tributions were important, but it has been suggested 
that his chief influence was the interest he aroused in 
and the stimulus he gave to that galaxy of very able 
assistants, who later became famous surgeons, notably 
Wolfler, von Mikulicz, von Eiselsburg, von Hacker and 
Schloffer. Each made important contributions to sur-, 
gery of the thyroid gland. 

Billroth's greatest accomplishments were in other 
areas. He was one of the most scholarly, productive 
and influential medical authors of the last century. 
The volume, scope and quality of his literary efforts 
were amazing. While in Zurich he published the finest 
of his books, Surgical Pathology and Therapeutics in 
Fifty Lectures.' It appeared first in 1863 and went 
through a dozen editions and was translated into ten 
languages. It brought him world-wide acclaim as a 
writer, investigator and teacher, and was largely 
responsible for his call to Vienna. It is still regarded as 
one of the great classics of medical literature. 

In 1867 at the age of 37, he assumed the chairmanship 
of the department of surgery at the University of 
Vienna. There for 27 years he reigned supreme. A 
pathologist of great competence and a bold and innova- 
tive surgeon, he broadly widened many fields of 
surgery. In 1873 he performed the first successful 
total largyngectomy, in 1881 the first successful gas- 
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trectomy, in 1882 esophagectomy and in 1884 the first 
total pancreatectomy for cancer. 

As a teacher he was unexcelled. His Vienna clinic 
became a surgical mecca, attracting visitors from all 
over the world. This was the period of German pre- 
eminence in surgery, and he was the most eminent 
of all. 

George Crile visited Billroth's clinic in 1892, and 
later, in his autobiography, recorded these impressions: 


“Albert Christian Theodor Billroth was the most distinguished 
surgeon of his day, with von Bergman of Berlin and Kocher of 
Berne as close seconds. Billroth was famous for his boldness and 
initiative in surgery. Through his successful resection of the 
stomach for cancer about ten years earlier he had laid the founda- 
tion for modern abdominal surgery. He was also famous for his 
work in cancer of the larynx. In those days a professor of surgery 
was a personality and Billroth was the most impressive of them 
all— positively godlike in demeanor. He not only wore a long 
Prince Albert coat suitable to such a position, but he always 
performed his work with the utmost formality. Promptly at nine 
the wide doors of his clinic swung open and Billroth with his 
staff of 20 assistants made a grand entrance. Everything was 
organized; each case had been studied. Billroth knew each 
detail. There was no more chance of an error than there was in 
the performance of a great play. This was the German 
system . . ."* 
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Fic. 4. Anton Wolfler (1850— 1917). 


Although Billroth achieved international renown as 
surgeon, teacher, scientific investigator, pathologist, 
philosopher, writer, historian and pioneer innovator in 
many surgical fields, he played his greatest role as the 
founder of a great school of surgery (Fig. 3). Many 
notable surgeons were among his pupils and were able 
to continue his work in responsible positions as direc- 
tors of surgical departments of universities and hos- 
pitals all over Europe. What an array of surgical talent, 
von Mikulicz, von Eiselsburg, von Hacker, Gussen- 
bauer, Wólfler, Winiwarter, Czerny, to name but a 
few! Their friendship, loyalty and achievements were 
the sources of his greatest pride and satisfaction. 

Every young aspirant to a surgical professorial post 
should acquaint himself with the life and work of 
Theodore Billroth. He was the model professor. Not 
only did he possess to a remarkable degree all of the 
professional, personal, intellectual and cultural quali- 
fications; but he also understood and achieved the 
proper balance between practice, teaching, research, 
and extra-curricular commitments. The twentieth 
century has yet to produce his peer. 

Anton Wólfler's (Fig. 4) significant contributions to 
goiter surgery were made during his 10 years as Bill- 
roth’s first assistant. He was the first to present a de- 
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with postoperative tetany the complication was 
temporary in 7, permanent in three and fatal in 13. Even 
at that late data the etiology of tetany was unknown. In 
the following year, 1891, Gley! reported his epochal 
discovery that post-thyroidectomy tetany was caused 
either by the removal of the parathyroid glands or 
interference with their blood supply. 

In 1893, at the age of 33, von Eiselsburg became 
professor of surgery at the University of Utrecht, and 
he occupied a similar position at Königsberg from 1896 
to 1901, when he returned to Vienna to succeed 
Albert as professor of surgery. 

There was no brighter star in that brilliant galaxy of 
Billroth proteges than Johann von Mikulicz (Fig. 6). 
An 1875 graduate of the University of Vienna, he spent 
five years as a Billroth assistant. When he was only 
three weeks into his internship he was informed that 
he had better give some thought to a change in career 
plans; that he was not cut out to be a surgeon.” He 
persuaded Billroth to given him more time; and with 
time he proved to be the most brilliant, productive 
and prominent pupil of the Billroth school. 

He accepted the chair of surgery at Krakau, Poland 
in 1882, moved to a similar position in Kónigsberg in 
1887, and three years later became professor of surgery 
at the University of Breslau, where he remained until 
his death in 1905. 

Mikulicz's contributions to thyroid surgery have 
been largely forgotten, although they were of central 
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tailed description of post-thyroidectomy tetany, and to 
publish a thorough discussion ofthe danger of operative 
injury to the recurrent laryngeal nerve and the ana- 
tomical and technical reasons for it. His two ciassic 
monographs?*?* on the development and structure of 
the thyroid gland and of goiter were based upon his 
study of Billroth's operative material. These were 
valuable expositions of the ideas and experiences of 
what was at that time the world's most active thyroid 
surgical center. 

Wolfler assumed the surgical chair at the University 
of Graz in 1886; and in 1895 he moved to a similar posi- 
tion at the University of Prague. 

Anton von Eiselsburg's (Fig. 5) important early ex- 
perimental work on transplantation of the thyroic and 
parathyroids was fundamental and attracted wide 
attention. A native Austrian, he began his surgical 
training with Billroth in 1284, immediately following 
graduation from the University of Vienna. Three vears 
later he succeeded Wolfler as first assistant, and he 
continued Wolfler's studies of the tetany material in 
Billroth’s clinic. In 1890 he found that in 30 patients Fic. 6. Johann von Mikulicz (1850— 1905). 
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importance. In 1886 he reported that in his first three 
years as director of the surgical clinic at Krakau he 
had performed 25 thyroidectomies without a fatality. 
Seven of these were total extirpations, 8 were unilateral 
lobectomies, and in two only the isthmus had been 
excised, and in 8 instances he had done what he termed 
a "resection," according to a new method of his own, 
which he described for the first time in this now fa- 
mous paper.'® 

After the conventional apology for the small size 
of his series, he defined the purpose of his report as 
follows: 


“I shall not hesitate to narrate my experiences since they may 
shed some light upon the matter which today dominates the 
whole question of operation for goiter. I refer to the general and 
local disturbances— tetany, cachexia strumipriva and paralysis of 
the muscles of the larynx— which follow strumectomy and which, 
together, demand either an essential curtailing of the indications 
for operation or modification of the operative method.” 


Further on in this important report Mikulicz explains 
how it happened that he conceived the new operation 
which he was about to describe— an operation which, 
with slight modifications, is the one we all use today. 


"But it not infrequently happens,’ he continued, ''that, having 
undertaken the operation with the intention of removing only one 
lobe, the surgeon finds it necessary to remove the other. I have 
several times found myself in this predicament. After a very 
large, forwardly displaced lobe had been excised there would 
appear for the first time the second lobe which had been concealed 
behind the trachea, which it surrounded, or had been buried in 
great part behind the sternum. In such cases one takes a risk if 
he postpones removing this lobe in the expectation that it may 
atrophy. It was in a case of this kind that I first practiced the 
method which I hope may best prevent the evil consequences of 
total extirpation. I extirpated, namely, the second lobe, only 
in part, resecting in such a manner that a portion of the lobe 
remained in the neighborhood of the inferior thyroid artery. The 
remaining stump of the gland contracted to a nodule the size of 
a chestnut, resting in the angle between the trachea and the 
esophagus. Neither the inferior thyroid artery nor the recurrent 
laryngeal nerve were seen. 

“I ventured to do this because I had observed that division 
and ligation of a quite massive isthmus could be accomplished 
without evil consequence; the parenchyma of the gland must, 
therefore, be tolerant of the insult caused by ligature en masse. 
Hence I need not fear to sever the parenchymal part of the goiter 
from the remains by means of mass-ligatures passed through 
the parenchyma.” 


Mikulicz termed this procedure a "resection," to dis- 
tinguish it from the typical total excision or extirpation 
of one or both lobes. He recommended his resection 
method at a time when the functions of the thyroid and 
parathyroid glands were unknown. Hence he did not 
leave a thyroid remnant because he considered it an 
essential organ. He only knew that total extirpation 
was often followed by Kocher's cachexia strumipriva 
or tetany or both. It was recurrence of the goiter and 
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(1852— 1922). 





injury to the recurrent nerve that he hoped to avoid; and 
he had learned through experience that sometimes it 
was necessary to excise the greater part of both lobes 
in order to decompress the trachea, and that neither 
cachexia strumipriva nor tetany occurred if a portion of 
even one lobe remained. 

Thus to Mikulicz must go the credit not only for 
demonstrating the feasibility and value of partial resec- 
tion in contradistinction to total extirpation of the 
thyroid, but also for discovering that masses of thy- 
roid parenchyma might be crushed, divided and ligated 
without fear of uncontrollable hemorrhage or impair- 
ment of wound healing. Mikulicz's procedure forms the 
basis of the modern unilateral and bilateral subtotal 
lobectomy. 

Enumeration of Mikulicz's other major contributions 
to surgery would take us too far afield. Suffice it to say 
that in originality, significance and scope they almost 
rivalled those of Billroth and Kocher. Halstead's final 
assessment of von Mikulicz was summed up in one 
sentence: ''Surgical art and science owe many a debt 
to the brilliant and charming Mikulicz of the great 
school of Billroth.”’ 

By the turn of the century most of the problems of 
goiter surgery had been solved. The operative mor- 
tality in simple goiter now was acceptably low; the 
cause and management of myxedema were understood; 
and the etiology of tetany had been elucidated. The 
remaining major challenge was that of hyperthy- 
roidism. It was in the solution of this problem that 
American surgeons were to play such an important role. 

Almost every field of surgery was enriched by the 
versatile and scholarly Halsted (Fig. 7). In the early 
years of this century no one in the United States did 
more to stimulate interest in thyroid diseases or more 
to standardize technique and promote advance in 
thyroid surgery. 
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Following his graduation from Yale and Columbia 
University's College of Physicians and Surgeons. and 
internships at Bellevue and New York Hospitals, he 
sailed for Europe in the fall of 1878 for two years of 
intensive post-graduate study in medicine, surgery, 
the specialties and the basic sciences in the famous 
clinics in Germany and Austria. 

His interest in the thyroid can be traced to the time 
in Vienna in 1879 when, with Wolfler, he studied the 
development and structure of the thyroid in ‘ish. 
Wolfler gave him unrestricted entrée into the surgical 
wards and Billroth's operating amphitheater. 

From 1880 to 1886, the period of his surgical 
activities in New York, he neither saw nor heard of an 
operation for goiter except that on one occasion he 
assisted Dr. Henry Sands in the removal of a small 
tumor of the right lobe of the thyroid. The pat ent 
sat erect in a dental chair for the operation with a 
rubber bag tied around his neck to catch the blood. 
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Fic. 8. William S. Halsted 
and the 17 resident sur- 
geons whom he appointed 
during the 33 years in which 
he directed his system of 
surgical training at the 
Johns Hopkins Hospital. 
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They used only two hemostats, all that Roosevelt 
Hospital afforded. 

Halsted was able to find reports of only 45 operations 
for goiter in America up to 1883. By that time Billroth 
alone had done 124. He deplored the delayed develop- 
ment of thyroid surgery in the United States, and 
attributed it to the tardy acceptance of antisepsis and 
to a lack of proper surgical instruments. Whereas most 
of the better surgeons of Germany, Austria and 
Switzerland promptly and eagerly accepted the teach- 
ings of Lister, there were few in America who did so 
until nearly a quarter of a century later. Indeed, the 
record seems to indicate that of the thyroidectomies 
done in this country prior to 1890 not a single one 
was performed under antiseptic conditions. 

The value of the modern hemostat is best expressed 
in Halsted’s own words: 


"On my return from Germany in 1881, I was impressed with 
the fact that our surgeons were greatly handicapped in most of their 
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operations for lack of proper instruments, particularly of artery 
clamps. They were insufficient in number and faulty in design. 
Rarely had I seen in our country, prior to my first visit to Europe 
(1879), more than one artery clamp at a time left hanging in a 
wound. Clamps were too few for this—four to three or even 
two being considered ample for an operation. Few hospitals, in 
New York at least, possessed as many as six artery clamps in 1880. 
I recall vividly an operation in Vienna performed by Mikulicz in 
1879 in Billroth's clinic. Americans, newly arrived in Austria, 
we were greatly amused at seeing perhaps a dozen clamps 
(Schieber) left hanging in a wound of the neck while the operator 
proceeded with his dissection, and were inclined to ridicule the 
method as being untidy or uncouth. Slowly it dawned upon us 
that we in America were novices in the art as well as the science 
of surgery. The value of artery clamps is not likely to be over- 
estimated. They determine methods and effect results impossible 
without them. They tranquilize the operator. [n a wound that is per- 
fectly dry, and in tissues never permitted to become even stained 
by blood, the operator, unperturbed, may work for hours without 
fatigue. The confidence gradually acquired from masterfulness in 
controlling hemorrhage gives to the surgeon the calm which is so 
essential for clear thinking and orderly procedure at the operat- 
ing table." 


Among Halsted's most significant contributions in 
the field of goiter surgery may be listed the following: 
(1) the development of a standardized technique of thy- 
roidectomy based on precise anatomic and physiologic 
principles; (2) monumental experimental work with thy- 
roid and more particularly parathyroid grafts; (3) in 
1879 he popularized the use of hemostatic forceps in 
the United States and designed the more delicate form 
of the instrument which still bears his name; (4) the 
introduction in 1888-89 of his originally designed 
retractors, ligature carriers, aneurysm needles, scal- 
pels and dissectors which were valuable technical 
innovations; (5) in 1885 he became the pioneer in local 
infiltration anesthesia, which greatly improved mor- 
tality statistics in thyroid surgery; and (6) the publica- 
tion of the classic monograph, The Operative Story of 
Goiter. 

The Johns Hopkins Hospital opened in 1889 and over 
the next 10 years only 7 thyroidectomies were done 
there, 6 by Halsted and one by Harvey Cushing. By 
1907 Halsted had performed 90 operations for Graves’ 
disease with a mortality rate of just over 2%. No 
surgeon had a better record in a sizable series. In 1914 
he reported that he had operated on 500 cases of 
Graves’ disease. 

Halsted’s many other contributions to surgery are 
too well known to warrant repetition here. His crown- 
ing achievement (Fig. 8) was the creation of a great 
school of surgery, in the words of Rene Leriche, '' A 
school whose splendor has had no equal except in the 
brilliance of Billroth's students.’’' 

Since I am not even a remotely related professional 
progeny, it should not be inappropriate for me to say 
that one has only to glance at a current roster of in- 
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cumbents of academic surgical chairs in this country, 
and the composition of editorial boards of leading 
surgical journals, and the leadership of prestigious 
surgical societies to be impressed by the extent to 
which William Stewart Halsted, through his second and 
third generations of professional descendants, con- 
tinues to profoundly and favorably influence Ameri- 
can surgery. 

Charles H. Mayo (Fig. 9) was an extremely popular 
and highly respected man who was probably the most 
experienced thyroid surgeon of his time. He performed 
his first goiter operation in 1889, and his five thousandth 
in 1918. 

Mayo's operative mortality rate for his first 16 cases 
of exophthalmic goiter was 2596. By 1908 he had 
operated upon 234 patients with thyrotoxicosis with a 
mortality of 6%. In an effort to improve these results 
Mayo, in 1908, began to employ in the severe thyro- 
toxics unilateral or bilateral pole ligation as a pre- 
liminary to partial thyroidectomy. Although Kocher 
had for years practiced this staged or graduated opera- 
tion for exophthalmic goiter, credit is due Mayo for 
demonstrating by means of a large group of cases the 
great value of this principle in reducing the mortality 
rate in Graves' disease. During the year 1912 he oper- 
ated upon a consecutive series of 278 patients with 


502 


Fic. 10. George W. Crile (1864— 1943). 


exophthalmic goiter without a death and with only one 
case of transient tetany. 

Charles Mayo was fortunate in having Henry Flum- 
mer as his medical counterpart on the clinic thyroid 
team. By 1913 Plummer had recognized that there were 
two distinct types of hyperthyroidism, exophthalmic 
goiter and adenomatous goiter with hyperthyroicism. 
He stressed their significant differences, and empha- 
sized the diagnostic, therapeutic and prognostic 
implications. 

In 1923 Plummer established the value of iodime in 
the preoperative preparation of patients with Graves’ 
disease. The extent to which this therapeutic innova- 
tion marked a new era in surgery of toxic goiter is indi- 
cated in a review of the Mayo Clinic experience which 
revealed that the introduction of iodine caused a drop 
in operative mortality rate from between three anc 4% 
to under 1%, and a decrease in the incidence of multi- 
staged operations from over 50% to 2%. 

Like his famous brother, much distinguished recog- 
nition came to Charles Mayo. The honors and awards 
are too numerous for mention here. The Brothers Mayo 
died in 1939. 
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George W. Crile (Fig. 10) of Cleveland was for many 
years one of the busiest and most successful goiter 
surgeons in the world. He was a man of extraordinary 
energy, imagination, versatility and capacity. In his 
dual role as a master surgeon and a research scientist 
he made many original and highly significant con- 
tributions to surgery. Especially noteworthy were his 
early studies on shock, hemorrhage, transfusions and 
anesthesia; and his enunciation of the principles of 
anoci-association. He was keenly interested in the 
pathophysiology of hyperthyroidism, and in the pre- 
iodine era he observed that the thyrotoxic was likely 
to develop prostration during crisis, and he was con- 
vinced that overactivity of the central nervous system 
exhaused the patient. He contended that this could be 
obviated by preventing noxious stimuli from leaving 
the operative site with local anesthesia, a process 
to which he applied the term anoci-association. The 
concept of ‘‘stealing’’ the toxic goiter was a Crile 
innovation. 

The basis of our present-day method of radical ex- 
tirpation of head and neck cancer was provided by 
Crile, who in 1906 reported 132 cases of head and neck 
cancer treated by radical excision.* He has long been 
known as the father of head and neck cancer surgery. 

For thirty years Dr. Crile was a prime mover in the 
affairs of The American College of Surgeons. He was 
one of the twelve surgeons on the original Committee 
on Organization, was a founder, and was the second 
president of the College, succeeding Finney in 1916. 
He was a Regent for 28 years, and was Chairman of the 
Board of Regents for 13 years. 

The last surgeon (Fig. 11) to be discussed is well re- 
membered by most of you. As the author of approxi- 
mately 150 papers related to the thyroid and as one of 
the most effective and sought-after speakers of his time, 
it seems likely that during the second quarter of this 
century Dr. Lahey did more than any other surgeon to 
accumulate, impart and disseminate valuable clinical 
information about surgical diseases of the thyroid 
gland. His technical methods, which emphasized the 
division of the strap muscles, wide exposure of the 
superior poles, and visualization of the recurrent 
laryngeal nerve and parathyroids, are well known and 
widely practiced. By the time of his death in 1953 he 
had personally performed almost 10,000 thyroidec- 
tomies. To date over 40,000 thyroidectomies have been 
performed in his clinic with a mortality rate of less 
than .10%. 

I think that most would agree that the immensity of 
his experience, the excellence of his results and his 
many contributions in this field entitle Frank Lahey to 
inclusion on our list of great pioneers in thyroid surgery. 

One of the many things that the Doctors Mayo, 
Crile and Lahey had in common was fellowship in The 
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Southern Surgical Association. They were representa- 
tive of that group of distinguished non-Southern 
surgeons that almost from the beginning comprised 
about 2096 of the membership of The Southern. They 
were loyal, respected and popular members who rarely 
missed a meeting, were almost invariably program 
participants, and through the years presented some 
of their best work there. 

"But," you may ask, ‘‘where are the 1976 Mayos, 
Criles and Laheys?”’ 

They are here today! They are here in the same pro- 
portion, and they are equally eminent, productive and 
contributory. They continue to add strength, luster 
and pleasure to these meetings. 

This essay does not purport to provide anything new 
about thyroid surgery, or to teach a history lesson. It 
is simply intended to refresh your memories, and per- 
haps enhance your appreciation of some events, some 
things and some people of some importance. 

In emphasizing the need for perspective and the 
value of a sense of historical continuity, Billroth 
once remarked: **Only the man who is familiar with the 
art and science of the past is competent to aid in its 
progress in the future.’”” 

Owen Wangensteen, distinguished surgeon and edu- 
cator, and historian of high competence, has lamented 
the general disinterest by medical school teachers in 
medical history. Recently he wrote: 


"Over the years of his academic tenure, this surgical teacher 
held to the thesis that all medical disciplines from anatomy to 
zoology be taught in our schools with special emphasis upon the 
historical approach. Yet how few of our medical school teachers 
observe this guideline. At one time I believed it was because of 
lack of interest in medical history, but with the years I have 
come to realize that only the most erudite amongst medical 
school teachers actually have more than a nodding acquaintance 
with the background of their own discipline.’’”* 


Of what value are these things to busy pragmatic 
practitioners of surgery? I submit that the cultivation of 
an interest in surgical history can add to our pleasure, 
broaden our vision, intensify our professional pride and 
enhance our effectiveness as practitioners and teachers. 

The great pioneers in thyroid surgery about whom I 
have talked today wrote a significant chapter in the 
history of surgery. Reflection on their achievements, 
lives and legacies brings to mind the splendid tribute 
which appeared in The British Medical Journal” a 
few days after Kocher’s death. It was from the pen of 
Sir Berkeley Moynihan. I quote a portion of it: 


"What is the chief legacy a surgeon leaves behind him? Per- 
sonal reputation, however exalted, is soon forgotten, and the name 
of a distinguished surgeon may not be long remembered even in 
his own country. Books, which at the time of their appearance 
are striking in new thoughts or in the fresh presentation of old 
ones, cease soon to be read. Even in the long survivors new edi- 
tions change not only their contents, but perhaps the title also. 
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The spoken word, whether by the bedside or in the theater, is apt to 
slip from the memory or to be imperfectly recalled. A few charac- 
teristic sayings may chance to be handed down, but their author- 
ship is soon lost. Wealth is, of course, rarely attained by any 
member of our profession, and for itself has happily no value 
among us. 

*"The chief legacy which a surgeon can bequeath is a gift of the 
spirit. To inspire many successors with a firm belief in the high 
destiny of our calling, and with a confident and unwavering 
intention both to search out the secrets of medicine in her inner- 
most recesses, and to practice the knowledge so acquired with 
lofty purpose, high ideals and generous heart, for the benefit 
of humanity—that is the best that a man can transmit.”’ 
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Neonatal and Infantile Hypoglycemia Due to Insulin Excess: 


New Aspects of Diagnosis and Surgical Management 


COLIN G. THOMAS, JR., M.D., LOUIS E. UNDERWOOD, M.D., CHARLES N. CARNEY, M.D., 


Persistent hypoglycemia in the neonate and young infant 
usually results from inappropriate, excessive secretion of in- 
sulin, or a deficiency of one of the hepatic gluco-regulatory 
enzymes. Hypoglycemia due to hyperinsulinism, whether asso- 
ciated with nesidioblastosis, islet cell hyperplasia, adenoma or 
normal islets, may have devastating consequences in this age 
group and demands recognition and effective treatment. Medi- 
cal management consisting primarily of frequent feeding, the 
intravenous infusion of glucose and the administration of 
glucagon, glucocorticoids, epinephrine, and diazoxide is often 
ineffective and may be punctuated by repeated episodes of 
hypoglycemia, convulsions, and central nervous system 
damage. Although subtotal—total pancreatectomy is effective 
in restoring blood sugar to normal, almost half of the reported 
patients are mentally retarded. This may be due in part to 
unwarranted delays in performing pancreatectomy. Ex- 
perience with 6 patients undergoing subtotal—total pancreatec- 
tomy for intractable hypoglycemia supports the contention 
that this procedure is effective. A euglycemic state was re- 

. Stored in all 6 patients and there was no evidence of residual 
central nervous system damage. The spleen should be pre- 
served in view of its importance in maintaining normal im- 
munodefense mechanisms. 


ERSISTENT HYPOGLYCEMIA in the neonate and 
P young infant usually results from inappropriate, 
excessive secretion of insulin or a deficiency of one of 
the hepatic gluco-regulatory enzymes. At this age, 
hypoglycemia is often severe and intractable. Prompt 
recognition, specific diagnosis, and aggressive treat- 
ment, therefore, are essential if central nervous sys- 
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tem damage is to be prevented. Presented in this report 
are the case histories of 6 infants with proven or pre- 
sumed inappropriate hypersecretion of insulin, who 
had the onset of severe intractable hypoglycemia in 
the first 6 months of life. Analysis of the therapeutic 
results in these patients and in similar patients reported 
by others suggests that the administration of pharma- 
cologic agents is often not an effective means of pre- 
venting hypoglycemic attacks but that partial or near 
total pancreatectomy is usually curative. 


Case Reports 
Study Subjects 


The 6 patients comprising this report represent all 
of the infants treated for intractable hypoglycemia due 
to insulin excess at the North Carolina Memorial 
Hospital in the past 13 years. Although serum insulin 
concentrations were not determined in all 6 patients, 
each patients marked improvement following pan- 
createctomy is the basis for the contention that hyper- 
insulinism was the mechanism for their hyperglycemia. 
Portions of the clinical histories, results of carbohy- 
drate tolerance tests and early postoperative course on 
two of the patients (Case 1 and 2) have been presented 
previously.? The present report provides a narrative 
of the preoperative management, details of the opera- 
tive techniques employed, and information on the long 
term follow up on these two patients. The unique 


' pathological findings of Case 3 have also been reported.* 


Case 1: K.S., a female born in 1963 after an uncomplicated preg- 
nancy, labor, and delivery, was well until 11 weeks of age when she 
was noted to have twitching of the left eye. One day later she had 
a left-sided seizure. On admission her serum glucose was found to 
be less than 20 mg%. She was given frequent feedings, prednisolone 
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TABLE 1. Serum Concentrations of Glucose and Insulin 
Relative to Feedings 


Interval Since 


Previous 
Feeding Glucose Conc. Insulin Conc. 
(hrs.) (mg%) (uU/ml) 
Case 5— Prior to Partial Pancreatectomy* 
2 24 «5 
2 45 16 
2 43 32 
0.1 37 39 


Case 5— After Partial Pancreatectomyt 


2 33 <5 
2 45 5.5 
l 28 3.5 
2 15 5.) 
1.7 38 10.3 
2 28 «5 


Case 5— After ''Total" Pancreatectomy 


3 110 <10 
Case 61 

10 27 <10 
1 39 20.5 
2 43 23.3 
3 32 29.9 
4.2 37 <10 
4 10 <10 
1 50 14.7 
2 52 20.6 
4 26 25.5 


* The four samples in this series were drawn within a single 24 hr. 
period. 

+ The six samples in this series were drawn within a single 16 hr. 
period. 

t The first five samples were drawn at intervals of approxi- 
mately one hour and the last four samples were drawn in series 
on the following day. 


(10 mg daily), aqueous glucagon (40 ug/kg IM), and a corstant in- 
fusion of 1596 dextrose. With this regimen serum glucose was main- 
tained between 50 and 70 mg%, but attempts to wean her from 
dextrose resulted in hypoglycemia. At 15 weeks of age, prenisolone 
was increased to 20 mg daily and glucagon increased to I mg one 
hour after meals. Despite this intensive regimen, two heur post- 
prandial blood glucose values ranged between 30 and 40 mg%. 
Zinc glucagon administered alone and in conjunction with oral 
ephedrine was also unsuccessful. Celiotomy at 16 weeks cf age re- 
vealed a normal appearing pancreas. A 90% pancreatectomy, liver 
biopsy and splenectomy were performed. By light microscopy the 
pancreas was interpreted as normal. Insulin levels were not deter- 
mined in this patient. Therefore, there was no absolute documen- 
tation of insulin excess. Post operatively numerous blooc glucose 
values were normal. At 11 years of age she died from overwhelming 
pneumococcal septicemia. 

Case 2: B.K., a male born in 1963 after a normal pregnancy, 
labor and delivery, was well until 6 months of age when he had a 
generalized convulsion and was found to be hypoglycemic. He was 
treated with frequent feedings of a low protein diet, cortisol (10—30 
mg daily) and trials of growth hormone, prednisone and epinephrine. 


THOMAS AND OTHERS 


Ann. Surg. e May 1977 


Because hypoglycemic attacks continued to occur every few days, 
he underwent celiotomy and 90% pancreatectomy. The pancreas 
was grossly normal and histologically was interpreted as showing 
nesidioblastosis. Hypoglycemia recurred 18 days after pancreatec- 
tomy but was controlled by the administration of a pancreatic en- 
zyme extract and small carbohydrate-rich feedings 90 minutes after 
meals. Seventeen months postoperatively he had mild, mid-morning 
hypoglycemic episodes which were relieved by once daily injec- 
tions of epinephrine-in-oil. These injections were discontinued 13 
months later. Subsequent growth and development have been normal. 

Case 3: B.L., a 4250 gm male born in 1972 after a normal preg- 
nancy, labor and delivery, was noted at four hours of age to be 
diaphoretic, listless and cyanotic and to have jerking of the ex- 
tremities. Serum glucose was 34 mg%. At three days of age he was 
transferred to the North Carolina Memorial Hospital and treated with 
a continuous intravenous infusion of 1096 dextrose, feedings every 
three hours, and 0.4 ml epinephrine-in-oil every three hours. On this 
regimen his serum glucose ranged between 13 and 70 mg%. Be- 
cause of intractable hypoglycemia, he underwent celiotomy at 19 
days of age. A 1 cm in diameter nodule was found at the junction 
of the body and head of the pancreas and was resected along with 
the distal 30% of the pancreas. The nodule was interpreted as a 
nesidioblastoma.* The remainder of the resected pancreas was 
histologically normal. Immediately postoperatively the blood 
glucose was 375 mg%, but within one day had dropped to 86 mg%. 
The patient has remained euglycemic, has been free of seizures and 
has had normal growth and development. 

Case 4: H.I., a male born in 1973 after a normal pregnancy, labor 
and delivery, was well until four months of age when he had a focal, 
left upper extremity seizure. A few days later he had a generalized 
tonic-clonic seizure and was found to have a serum glucose of 
less than 20 mg%. He remained hypoglycemic despite the constant 
infusion of 1096 dextrose with frequent oral feedings. At the 
North Carolina Memorial Hospital, despite continuous glucose in- 
fusions, he continued to have persistent hypoglycemia with simul- 
taneous inappropriately elevated serum insulin levels. At celiotomy, 
on the sixth hospital day, he was found to have a grossly normal 
pancreas. The frozen section biopsy was interpreted as showing en- 
larged islets and an 85-90% pancreatectomy was performed. 
Later histological examination revealed that many of these large 
islets, as well as numerous smaller ones, were anatomically asso- 
ciated with small ducts (nesidioblastosis). Immediately postopera- 
tively, blood glucose rose to 250 mg%, but by the fourth day the 
glucose was 90 mg%. He has had no further hypoglycemia and 
has grown and developed normally. 

Case 5: M.G., a female born in 1975 after an normal pregnancy, 
labor and delivery, became limp and cyanotic at 8 hours of age and 
was noted to have a serum glucose of 10 mg%. At 56 hours she had a 
generalized seizure and was begun on phenobarbital and a constant 
infusion of 10—2096 dextrose. For three weeks she was maintained 
on frequent oral feedings and intravenous dextrose in concen- 
trations between 10 and 2596. She was also given a trial of frequent 
injections of epinephrine-in-oil. During this period inappropriate ele- 
vations in serum insulin were observed in the face of hypoglycemia. 
(Table 1) At three weeks of age, because of intractable hypoglycemia, 
she underwent an 85-90% pancreatectomy. The pancreas was 
grossly normal and microscopically demonstrated nesidioblastosis. 
On the first postoperative day she experienced hyperglycemia. 
This, however, was quickly followed by a declining blood sugar 
requiring the intravenous administration of increasing concentra- 
tions of glucose. She was given a five day trial of diazoxide (Hypo- 
glycem-Schering) in dosages as high as 17.5 mg/kg/day. During 
this period she had multiple seizures not associated with hypo- 
glycemia. Simultaneous glucose and insulin determinations again 
showed inappropriate insulin secretion. (Table 1) Eighteen days after 
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the first operation the remainder of the pancreas was removed except 
for two small remnants measuring 2 x 3 x 1 mm and2 x 4 x 1 mm 
adjacent to the common bile duct. Postoperatively she had no mal- 
absorption, but required 3/4 U of NPH insulin daily. After three 
weeks, insulin administration was discontinued and she has subse- 
quently shown no evidence of glucose intolerance. At 16 months of 
age she was developmentally normal and at the seventy-fifth 
percentile for both height and weight. 

Case 6: J.M., a female born in 1975, had the onset of episodes 
of diaphoresis and irritability at three months of age. At four months 
she developed lapses of consciousness and focal seizures and was 
found to have a glucose of 27 mg%. She failed to respond to a 
high protein, low carbohydrate diet and phenobarbital. In the hos- 
pital, on a regimen of frequent feedings,most glucose determina- 
tions ranged between 26 and 52 mg%. Simultaneous glucose and 
insulin determinations revealed inappropriate insulin levels (Table 1). 
A trial of oral diazoxide (10 mg/kg/day) caused only a modest in- 
crease in blood glucose; most values being 50 and 60 mg%. At age 
5% months she underwent 90% pancreatectomy. The pancreatic 
tail was unremarkable, but the remainder of the pancreas revealed 
nesidioblastosis. After a brief period of hyperglycemia, the blood 
glucose concentration fell to normal. Since operation multiple fasting 
blood sugar determinations have been in the range of 71-76 mg%. 
At 8% months she was developmentally normal. 


Concentration of Insulin and Glucose in Blood 


Blood samples were drawn for the purpose of corre- 
lating concentrations of insulin and glucose. Several 
samples each were taken from three of our patients and 
the relationship between time of sampling and previous 
feeding was carefully noted. Using this simple scheme, 
it was possible to observe the patient under usual condi- 
tions rather than after the administration of artificial, 
non-physiologic stimuli. Glucose concentration in 
Cases 1, 2, and 3 was determined by a modification of 
the method of Hoffman.** The hexokinase or glucose 
oxidase methods were used for Cases 4, 5 and 6.49 
Immunoreactive insulin was determined by a double 
antibody precipitation radioimmunoassay which can 
detect insulin concentrations as low as S uU/ml.?* This 
insulin radioimmunoassay also measures proinsulin 
with about 40% efficiency. In Table 1 the concentra- 
tions of glucose and insulin are related to the phase of 
the feeding cycle in Cases 5 and 6. In normal indi- 
viduals, fasting insulin levels are usually below 10 
uU/ml. When the blood sugar declines to hypoglycemic 
levels insulin secretion ceases entirely and the serum 
concentration of insulin falls to undetectable levels.” 
On numerous occasions, Case 5 and Case 6 had in- 
appropriately high insulin levels at times when their 
blood sugars were in the hypoglycemic range. While the 
concentrations of insulin in these patients are not as 
high as the peak concentrations observed following 
hyperglycemia induced by glucose loading, they are 
clearly inappropriate for the blood sugar level. In 
patient H.I., (Case 4) simultaneous glucose-insulin 
levels were obtained on 13 samples drawn through 
three feeding cycles. On two occasions three hours 
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A large neo-islet of nesidioblastosis is in the center. A 
portion on the left is surrounded by a compressed arc of zymogen 
cells (arrow). Two small ducts are closely related to the islet cells 
(center, arrows). H&E x100. 


after feeding, serum insulin was elevated (19.1 and 
13.4 uUml) when glucose was 63 and 39 mg%. The 
insulin levels in our patients are similar to those 
reported by others.?? 


Pathologic Findings 


Histological examination of the pancreas in our pa- 
tients disclosed that four had nesidioblastosis, one had 
a normal pancreas, and one had an insulinoma (nesidio- 
blastoma). Aside from the occasional normal pan- 
creatic specimen, we categorize the islet lesions of 
infants with hypoglycemia due to hyperinsulinemia as 
follows: (1) nesidioblastosis — multiple neoislet forma- 
tions derived from ductal epithelium; (2) islet cell 
adenoma— focal tumorous nodule of islet cells; (3) 
nesidioblastoma— an adenoma presumed or proven to 
be derived from ductal epithelium because of the close 
anatomic association between the islet cells of the 
adenoma and ducts; (4) hyperplasia of islets— in- 
creased numbers of islets; and (5) hypertrophy of islets 
—enlargement of original islets as a result of hyper- 
plasia of the islet cells. In reviewing the literature we 
have, of necessity, accepted the published diagnosis, 
recognizing that identical pathological criteria have 
not been used. Only in the last decade has a differentia- 
tion been made between hyperplasia and nesidioblasto- 
sis. In addition, islet cell adenoma always has not been 
distinguished from nesidioblastoma. 

In nesidioblastosis the ductal epithelium is thought 
to be the source of increased islet cellularity (Fig. 1), 
while in islet hypertrophy, the cells are derived from 
the original islets. Both, however, may result from a 





Fic. 2. The light cells in the center are neo-islet cells of nesidio- 
blastosis surrounded by an arc of zymogen cells. Their appear- 
ance contrasts with that of a small group of centroacimar cells 
(arrow). See text. H&E x400. 


common stimulus since hypertrophic islets and nesidio- 
blastosis have been observed in the same pancreas.??*^9 
The islets of nesidioblastosis may also arise from 
centroacinar cells. In this instance, a nest of neoislet 
cells may be partially surrounded by an arc of zymogen 
cells. The neoislet cells can be distinguished from 
centroacinar cells since the former have more rounded 
nuclei, coarser and darker chromatin clumps, and 
usually more abundant cytoplasm (Fig. 2). Nesidioblas- 
tosis has not been reported in other conditions asso- 
ciated with hypoglycemia. We have examined 10 
pancreata from age-matched children who died from 
other causes and have not seen nesidioblastosis. In 
contrast, pure hypertrophy of islets occurs in infants 
of diabetic mothers and in infants with erythroblastosis 
fetalis. 

Hyperplasia of islets, strictly defined to mean in- 
creased numbers of islets, may actually represent 
nesidioblastosis since ducts would be the most likely 
source of such islets. Adenomatosis, a term used by 
some investigators, may also be synonymous with 
nesidioblastosis.?9?? The exact cellular composition of 
the islets of nesidioblastosis is unknown, but the clini- 
cal features of affected patients and the results of dif- 
ferential staining techniques suggest that the beta cell 
is the predominant cell type.?39475? By electron 
microscopy, however, alpha, beta, and delta cells 
were observed in Klóppel's case’? and in one of ours 
(Fig. 3). 

The solitary adenomas are of beta-cell type (in- 
sulinomas). Itis not known whether there are instances 
of islet-cell mixtures in adenomas of infants. In Case 
#3 the insulinoma was shown to be a nesidioblastoma® 
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because of ultrastructural evidence of its derivation 
from ductal epithelium. It is reasonable that other 
adenomas showing this relationship also be considered 
nesidioblastomas. 


Differential Diagnosis and Diagnostic Approach 


Most of the published etiologic classifications of 
infantile hypoglycemia are deceptively extensive and 
fail to compartmentalize the diagnostic categories in a 
practical fashion. This results in uncertainty over the 
diagnostic approach and a reluctance to undertake 
prompt definitive treatment. Since transient, self- 
limited hypoglycemia may occur in prematures, small 
for gestational age infants, erythroblastotic infants, 
and in infants of diabetic mothers (Fig. 4), manage- 
ment of hypoglycemia during the first two weeks of 
life should be directed primarily at maintenance of 
a normal blood sugar level. This usually can be 
achieved with dextrose infusions, frequent oral feed- 
ings, and the subcutaneous administration of epineph- 
rine. While epinephrine has only transient effects and 
must be administered parenterally, it is preferable 
to glucocorticoids, ACTH, growth hormone, or gluca- 
gon because it inhibits insulin secretion.?? The other 
hormones antagonize the action of insulin and sec- 
ondarily stimulate insulin secretion. 

Almost all cases of hypoglycemia which persist be- 
yond the neonatal period or have their onset during the 
first 6 months of life result from either an abnormality 
of hepatic glucose or amino acid metabolism or from 
hyperinsulinemia. The former category, which includes 





Fic. 3. 
blastosis, 
granules: 


These electron micrographs, from one area of nesidio- 

reveal the three ordinary islet-cell types with their 
A, alpha cell (note particularly the lower left-hand 
granule with eccentric dense core) x24,800; B, beta cell x24,800; 
D, delta cell x 16,400. 
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Types I, III and VI glycogen storage disease, fructose- 
1, 6-diphosphatase deficiency, galactosemia and 
hereditary fructose intolerance should be considered 
when hepatomegaly is present. Even in the absence of 
significant hepatomegaly these disorders should be 
ruled out in hypoglycemic infants by demonstrating 
that the blood pH, ammonia and lactate levels are 
normal, and that there is no persistent ketonuria, 
aminoaciduria or urinary reducing substance. 

The diagnosis of hyperinsulinism, whether it be 
associated with a microscopically normal pancreas, 
islet cell hyperplasia, nesidioblastosis, or islet cell 
adenoma, is established by demonstrating inappro- 
priate elevations of serum insulin in the face of hypo- 
glycemia. This is best done by determining concentra- 
tions of both glucose and insulin on a number of blood 
samples taken at various times after feeding and during 
periods of fasting. In the three patients we studied, 
it was observed that insulin concentrations were often 
above the usual fasting levels at times when the infant 
was hypoglycemic (Table 1). This simple diagnostic ap- 
proach has alleviated the need for extensive studies of 
carbohydrate homeostasis which, in our experience 
have provided neither insight into the cause of the 
hypoglycemia nor guidance in management.? Similar 
studies have been done on patients with hypoglycemia 
associated with hepatic dysfunction and children with 
the sporadic, substrate-limited form of hypoglycemia 
which is usually manifest after one year of age. Inap- 
propriate insulin levels have not been observed in such 
patients. 

Other classification schemes for infantile hypogly- 
cemia have included the clinical entities of idiopathic 
ketotic hypoglycemia and, hypoglycemia secondary to 
hypopituitarism, ACTH deficiency, Addison's disease 
and hypothyroidism. In our experience, the onset of 
hypoglycemia from these disorders almost always 
occurs after one year of age; attacks usually occur 
with fasting; and the disease is far less intractable 
than is observed in the infantile form.? These dis- 
orders, therefore, will not be considered here. 


Surgical Management 


After establishing that the infant has hyperinsulin- 
emia, the indication for pancreatectomy is inability to 
promptly attain a euglycemic state by medical means. 
Celiotomy is carried out through a transverse upper 
abdominal or right subcostal incision. The pancreas is 
exposed through the gastrohepatic omentum. Thorough 
examination of the entire pancreas is required to 
identify the occasional infant who has an adenoma or 
nesidioblastoma. In such patients, the nodule should 
be excised and the pancreatic tail should be removed 
for biopsy. While adenomas in ectopic pancreatic tis- 
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PERSISTENT OR DELAYED 
ONSET; INTRACTABLE 


TRANSIENT; LASTING 
LESS THAN 10 - 14 DAYS 


Inadequate Glycogen Stores 


Hyperinsulinism 


Hyperinsulinism Enzyme Deficiencies 


(norma! or low insulin) 


1. Infant of diabetic mother 
2. Erythroblastosis 
3, Beckwith's Syndrome 


l. Insulinoma 

2. |slet hyperplasia 

3. Nesidioblastosis 
and nesidioblastoma 


Intrauterine 
growth retardation 


Glycogen storage disease- 
types |, [il and VI 

Fructose 1, 6 Diphosphatase 
Galactosemia 

Hereditary fructose intolerance 
Deficiency of urea cycle 
enzymes: methylmalonic and 
proplonic acidu ria 


MPwr - 


Fic. 4. Decision matrix for management of neonatal and infantile 
hypoglycemia. All of the disorders in the enzyme deficiency 
group are associated with a failure to thrive. The hepatic gluco- 
regulatory enzyme deficiencies (1—4) are also manifest by hepa- 
tomegaly. The following findings are almost always observed in the 
disorders indicated: Lactic acidosis, ketosis and ketonuria (1,2,5), 
aminoaciduria (3,4,5), urinary reducing substances and jaundice (3), 
vomiting after ingestion of fructose (4), hyperammonemia (5). 


sue are occasionally observed in adults, none has been 
reported in infants nor have multiple adenomas been 
found (Table 2). 

When the pancreas is grossly normal, microscopic 
examination of frozen biopsy material may be inade- 
quate to define the underlying pathologic process. 
There are two reasons for this: First, it may be dif- 
ficult to distinguish between normal pancreas and 
nesidioblastosis. Secondly, the micropathology of the 
islets may not be uniform throughout the pancreas. For 
example, in Case 6 relatively normal islets were ob- 
served in the tail of the pancreas while nesidioblastosis 
was present in the body and the head. For these rea- 
sons, when an adenoma or nesidioblastoma are not 
found, a 90% subtotal pancreatectomy is carried out. 
After careful dissection from the splenic vein, the tail 
and body of the pancreas are removed to the point im- 
mediately to the right of the superior mesenteric vein 
(Fig. 5). Only the uncinate process and a portion of 
the pancreatic head remain. Intraoperative measure- 
ment of blood sugar levels is not a reliable means for 
determining the adequacy of pancreatectomy. Further- 
more, as in our Case 5, it is possible to observe 
hyperglycemia on the first day or so postoperatively 
only to have blood sugar concentrations subsequently 
fall to hypoglycemic levels. 

Because splenectomized infants experience a sub- 
stantial increase in the incidence of sepsis from pneu- 
mococci and other organisms, it is imperative that the 
spleen be preserved.?? Although injury to the splenic 
vein may require its ligation for hemostasis, venous 
return by way of the short gastric vessels is adequate 
to avoid infarction. It is not known whether congestive 
splenomegaly will develop under these circumstances. 
Although incidental splenectomy has been performed 
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TABLE 2. Summary of Patients Undergoing Operation for Hypoglycemia; Onset by One Year of Age 


Refer- Age at Additional 
ence Age at Opera- Pancreatic Pancreatic Pancrea- 
Author Year | Number Onset tion Findings Resection tectomy Outcome 
Graham et al. 1934 22 3 mos. 12 mos. Normal 85% Retarded, normal blood sugar 
Hartman 1937 32 4 mos. 30 mos. ? 75% Died 6 wks; postop. infection 
Agustsson 1947 l 2 mos. 4.5 mos. Hyperplasia Subtotal Mentally normal 
Griffith 1951 27 6.5 mos. 9 mos. Normal 90% Normal child 
Greenlee 1952 25 5 mos. 6 mos. Hyperplasia 2/3 Retarded 
Gross 1953 28 2 mos. 3 mos. Normal 2/3 Near total Died 7 mos; bronchopneu- 
monia 
4 mos. 6 mos. Normal 80% Well 
11 mos. 18 mos. Normal 80% Well 
6 mos. 11 mos. Normal 75% Well 
3 mos. 6 mos. Hyperplasia 75% Died 8 mos.- sepsis 
McQuarrie 1954 39 4 mos. 19 mos. ? 50% 25% (36 Retarded, asymptomatic 
mos.) 
(sibs) 7 mos. 10 mos. Normal 75% Normal, req. ACTH-x 1 yr. 
Conn 1955 10 2 mos. 72 mos. Hyperplasia 70% Retarded, normal blood 
sugar 
Cochrane 1956 9 2 mos. 15 mos. Normal 2/3 Hypoglycemic, req. steroids 
Porter 1956 44 4 mos. 14 mos. Hyperplasia Subtotal Normal blood sugar 
2 mos. 11 mos. Hyperplasia Subtotal Normal blood sugar 
2.5 mos. 2.5 mos. Hyperplasia Subtotal Lost to follow up 
3 mos. 26 mos. Hyperplasia Subtotal Near total ACTH req. to maintain blood 
sugar > 50 mg% ? Nie- 
mann-Pick's 
Douglas 1959 14 1.5 mos. 6 mos. Hyperplasia 75% Retarded, normal blood sugar 
Farber 1959 16 1.5 mos. 4 mos. Normal 75% Lost to follow up 
Haworth 1960 33 10 mos. 51 mos. Normal 60% Well 
Traisman 1962 56 4 mos. 7 mos. Normal 80% No report 
Frasier 1965 18 2 mos. 6 mos. Normal 90% Normal blood sugar with 
ACTH 
Griese 1965 26 2.5 mos. 4.5 mos. Hyperplasia 60% Normal blood sugar— initially 
required epinephrine — 
low leucine diet 
McFarland 1965 38 | mo. 3 mos. Hyperplasia 80% Total (6 Normal mentally, diabetes 
mos.) 
Peters 1965 43 | day ? Hyperplasia 70% Normal child 
Gius 1965 21 6 mos. 6 mos. Normal 80% Normal child 
DeBoer 1967 12 5 mos. 8 mos. Normal 80% Retarded, normal blood sugar 
Schnaufer 1967 51 9 mos. 36 mos. Normal 80% Normal child 
3 mos. 6 mos. ? Subtotal Recurrent hypoglycemia 
2 mos. 
Hamilton 1967 30 2 mos. 8 mos. Hyperplasia 85% Recurrence 6 mos., on 
steroids 
3 mos. 24 mos. Normal Tail resection Died of steroid withdrawal, 
infection 


6 mos. 10 mos. Normal Subtotal | Retarded, normal blood sugar 
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TABLE 2 (Continued) 
Refer- Age at Additional 
ence Age at Opera- Pancreatic Pancreatic Pancrea- 
Author Year | Number Onset tion Findings Resection tectomy Outcome 
3 mos. 25 mos. Normal 7596 Retarded, normal blood sugar 
2 days 3 mos. Hyperplasia 75% Retarded, normal blood sugar 
3 mos. 8 mos. Hyperplasia 75% Retarded, normal blood sugar 
3 mos. 38 mos. Normal 80% Retarded, normal blood sugar 
1 day 6 mos. Hyperplasia 60% Retarded, required steroids 
5 mos. 19 mos. Normal 90% Retarded, normal blood sugar 
1 day 4 mos. Normal 80% Recurrence 3 mos., con- 
trolled with diet, steroids 5 
6 mos. 47 mos. Normal 80% Recurrence 4 mos., con- 
trolled with Diazoxide | 
Perheentupa 1967 42 2 days 14 mos. Pea-sized 7596 Retarded 
adenoma 
(tail) 
Antony 1967 2 — 4 mos. Normal 85-90% Normal at 35 mos. 
— 11 mos. Isletslarger, 90% Recurrence postop., normal 
more nu- at 36 mos. 
merous 
— 8 mos. Normal 85% Retarded, hypoglycemia con- 
trolled with Predinsone 
— 8.75 Hyperplasia Exploration Treated with high dose ster- 
mos. with mul- oids x 4 yrs. Severe 
tiple biop- steroid toxicity 
sies 
— 4 mos. Hyperplasia Resection, Total (5.5 Died 24 hrs. postop. pul- 
body, tail wks.) monary edema, possible 
sepsis | 
Garces 1968 20 1 day 7.5mos. 8x6x6 Subtotal Mildly retarded, remarkable : 
adenoma growth spurt | 
(head) 
Salinas 1968 48 2 days 2 mos. 4 x 5mm 80% Mildly retarded 
adenoma 
(body) 
Sauls 1968 50 2 days 6.5 mos. Adenoma 
Grant 1970 24 1 day 3 mos. 5x5 x 10 Partial Normal 
mm ade- 
noma (tail)' 
Brown 1970 5 24 hrs. 3 mos. Nesidio- 90% Retarded, hypoglycemia de- 
blastosis spite medical treatment 
Harken 1971 31 1.5 mos. 4 mos. Normal 2/3 Retarded 1 
2 mos. 7 mos. Hyperplasia 2/3 Retarded | 
2 days 10 mos. Hyperplasia 2/3 Died at 8 mos., peumo- q 
coccal sepsis | 
2 mos 9 mos. Hyperplasia — 2/3 Normal 
4 mos 8 mos. Hyperplasia — 2/3 Normal 
2 days 2 mos. Nesidio- 2/3 Total (8 Retarded, required insulin 
blastosis mos.) 
1 day 1.5 mos. Nesidio- 2/3 Total (11 Retarded, required insulin 
blastosis mos.) 
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Nesidio- 
blastosis 
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Outcome 


Retarded 


Normal mentally, req. insulin 


Retarded 


Normal 


Retarded 


Treated with diazoxide, ster- 
oids. Died CHF 48 days 


Normal 


Normal at 6th day. Well at 
one year 


Died postop. 


Mildly retarded. Required 
steroids x 4 yrs. 


Well 


Severely retarded. Required 
diazoxide x 4 mos. 


Normal except for occa- 
sional opisthotonas of legs 


Normal at 3 yrs. Required 
insulin 


Retarded, epilepsy, strabis- 
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TABLE 2 (Continued ) 
Refer- Age at Additional 
ence Age at Opera- Pancreatic Pancreatic Pancrea- 
Author Year | Number Onset tion Findings Resection tectomy Outcome 
Crowder 1976 11 18 hr. | mo. Hypertrophy 90% Normal 
& hyper- 
plasia 
islets 
Woo 1976 59 3 days 6 mos. Nesidio- Subtotal Mildly retarded. Diazoxide 
blastosis required 414 mos. 
3 days 3.5 mos. Nesidio- Subtotal Mildly retarded. Diazoxide 
blastosis required 12 mos. 
Thomas 1976 *]1] wks. 4 mos. Normal 90% Normal growth, develop- 
ment. Died at 11 yrs. of 
pneumococcal sepsis 
* 6 mos. 11 mos. Nesidio- 90% Normal growth, develop- 
blastosis ment. Required pancreatin 
4 hrs. 19 days Nesidio- Excise nodule Normal growth, develop- 
blastosis 30% distal ment 
(head) 
4 mos. 4 mos. Nesidio- 90% Normal growth, develop- 
blastosis ment 
8 hrs. 3 wks. Nesidio- 90% Total (5 Normal growth, develop- 
blastosis wks.) ment. Transient diabetes 
controlled by insulin 
4 mos. 5 mos. Nesidio- 90% Normal growth, develop- 
blastosis ment 
* Reported as the first 2 cases of. Antony, et al (2). 1 


frequently during pancreatectomy, the precise inci- 
dence of splenectomy in pancreatectomized children 
cannot be extracted from the literature. It also cannot 
be determined whether splenectomy was carried out in 
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Fic. 5. Subtotal pancreatectomy for removal of 85—90% of pan- 
creas with preservation of the spleen. 


7 of the 9 patients previously reported as having died | 
of sepsis following pancreatectomy. The only patient in 
our group to have splenectomy was operated upon 
in 1963 and died at 11 years of pneumococcal sepsis. 
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Fic. 6. ''Total'" pancreatectomy completed by re 
ucinate process and remaining pancreatic head. 
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TABLE 3. Pathologic Findings and Treatment of 87 Neonates and 
Infants with Hypoglycemia (Table 2, 1934-1976) 


Subtotal Near-total 

Pathologic Number of Pancrea- or Total 

Diagnosis Patients tectomy Pancreatectomy 
Normal pancreas 26 25 l 
Hyperplasia* 29 24 4 
Nesidioblastosis 15 10 5 
Adenomat 14 10 2 
Unknown 3 3 

Total 87 72 12 


* Includes one patient who underwent multiple biopsies only. 
t Includes one patient who underwent enucleation and ane patient 
who was not operated upon (diagnosis made at autopsy). 


‘*Total’’ pancreatectomy is indicated in patients in 
whom 90% pancreatectomy fails to control the hypo- 
glycemia. The uncinate process is freed from the over- 
lying superior mesenteric artery and vein. The remain- 
ing pancreatic head is carefully dissected from the 
third, second, and first portions of the duodenum. The 
common bile duct is identified and the pancreas re- 
moved from this region (Fig. 6). In removing the pan- 
creatic head it is necessary to ligate the anterior and 
posterior pancreatico-duodenal arteries and veins. AI- 
though the duodenum may become somewhat cya- 
notic, it tolerates the associated ischemia without 
necrosis. 


Discussion 


Drugs intended to raise blood sugar and pharma- 
cologic dosages of hormones which are antagonistic to 
insulin failed to correct the hypoglycemia in our 6 pa- 
tients. None could be successfully managed without 
pancreatectomy. This experience corresponds to that 
reported by others (Table 2). While there are reports 
of patients who were treated with drugs andor hor- 


TABLE 4. Outcome of 72 Neonates and Infants Undergoing 
Subtotal Pancreatectomy for Intractable 
Hypoglycemia, 1934 — 1976 


Required 
Postop- 
erative 

Pathologic Mentally Mentally Medical Total Lost to 
Diagnosis Normal Retarded Therapy Deaths Follow-up 
Normal 

pancreas 9 7 2.2)" 2 
Hyperplasia 6 11 7 3 (2) | 
Nesidio- 

blastosis 5 4 4 — 1 
Adenoma 5 4 l 1 1 
Unknown — l l 141) -— 

Total 25 29 20** 7 (5) 5t 


* ( ) Indicates number of patients who died of sepsis. 
+ No results given for these patients. 
** Mental status of six not reported. 
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mones alone, there are few instances where complete 
success has been documented. 

Partial pancreatectomy for intractable hypoglycemia 
of infancy was first reported by Graham and Hartmann 
in 1934.? Including our patients, there are now re- 
ports of 84 hypoglycemic infants who have undergone 
partial or near total pancreatectomy and three in whom 
the diagnosis was established by either biopsy, enuclea- 
tion or autopsy (Table 2). The pathologic findings in 
these 87 infants are given in Table 3. Unlike adults with 
intractable hypoglycemia, adenoma is relatively un- 
common. The reported incidence of nesidioblastosis 
may be spuriously low since it is possible that many 
or all cases reported as hyperplasia of islets are actually 
nesidioblastosis. In the 38 patients reported since 
nesidioblastosis was established as an entity (1970), 
nesidioblastosis has been the most common pathologic 
findings, i.e., nesidioblastosis— 13 (34%), islet cell 
hyperplasia— 11 (29%), adenoma— 11 (29%), and nor- 
mal pancreas — 3 (8%). 

The outcome of 72 patients undergoing subtotal 
pancreatectomy is presented in Table 4. Three points 
bear emphasis. First, of the patients on whom informa- 
tion is available, more than half were regarded as 
mentally retarded. Secondly, in spite of the fact that 
many patients had less than 80-90% of their pancreas 
removed, the operation was relatively effective since 
supplemental treatment to raise blood sugar was re- 
quired post-operatively in only one-third of the pa- 
tients. Finally, five of the 7 patients who died were 
thought to have sepsis. 

Total pancreatectomy has been reported in 12 pa- 
tients (Table 5). In two of these, adenomas were, 
present in the head of the pancreas and were not 
identified at the time of the initial partial pancreatec- 
tomy. In the remaining patients, one had a ''normal" 
pancreas, four had ‘‘hyperplasia’’ and five had *'nesidi- 
oblastosis." Patients requiring *'total' pancreatec- 
tomy tended to have an earlier onset of their symptoms. 
Patients with an insulinoma also had an early onset 
of symptoms. 


TABLE 5. Outcome of 12 Neonates and Infants Undergoing 
"Total" Pancreatectomy for Intractable Hypoglycemia: 


1953 —1976 

Pathologic Mentally Mentally Required 

Diagnosis Normal Retarded Insulin Deaths 
Normal 

pancreas-1 — — — 1 (1)* 
Hyperplasia-4 2 l l 1 (1) 
Nesidio- 

blastosis-5 2 3 3 — 
Adenoma-2 2 — 1 — 

Total 6 4 5 2 (2) 





* ( ) Indicates number of patients who died of sepsis. 
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TABLE 6. Relationship between Age of Onset and Time of Operation to Outcome of 63 Patients with Intractable Hypoglycemia 





Interval between Onset of 





Age at Onset of Symptoms Symptoms and Operation 
No. of $$ 
Patients Results Mean + SEM Range Mean + SEM Range 
30 Mentally normal 3.02 + 0.54 mo. | day to 11 mo. 5.55 = 1.53 mo. 9 days to 41 mo. 
33 Mentally retarded 2.13 + 0.41 mo. | day to 8 mo. 9.65 + 2.6 mo. l day to 70 mo. 





By student's t test; p < 0.2 (N.S.); age of onset of mentally normal vs. retarded 
p «€ 0.1 (N.S.); interval between onset and age of treatment, normal vs. retarded. 


The relation between the age of onset of hypo- 9. Cochrane, W. A., Payne, W. W., Simpkiss, M. J., and Woolf. 


: L. I.: Familial Hypoglycemia Precipitated by Amino Acids. 
glycemia, the interval between onset and operation, J. Clin. Invest., 35:411, 1956. 


and subsequent mental development is given in Table 6. 10. Conn, J., and Seltzer, H. S.: Spontaneous Hypoglycemia. Am. 


Compared to mentally normal patients, the patients J. Med., 19:460, 1955. 

: 3 11. Crowder, W. L., Maclaren, N. K., Gutberlet, R. L., Frost, J. L. 
who were regarded as retarded had a slightly earlier et al.: Neonatal Pancreatic B-cell Hyperplasia: Report of a 
en age of onset of symptoms and a longer mean Case with Failure of Diazoxide and Benefit of Early Subtotal 
interval between onset and operation. While the dif- Pancreatectomy. Pediatrics, 57: 897, 1976. 


ference of the two groups in interval between onset 12. DeBoer, A.: Personal communication. Reported in Hamilton, 
J. P., Reference Number 30. 


and operation is not statistically significant, it is 13. deLeeuw, R. and deVries, I. J.: Hypoglycemia in Small-for- 
still probable that recurrent attacks of hypoglycemia dates Newborn Infants. Pediatrics, 58:18, 1976. 


: 14. Douglas, D. M.: Spontaneous Hyperinsulinemia due to Benign 
ng responsible for the mental retardation. Evaluation Hyperplasia of Islet Cells. Arch. Dis. Child., 34:171, 1959. 
of effectiveness of drug and/or hormonal therapy, 15. Ellis, E.F. and Smith, R.T.: The Role of the Spleen in Immunity. 


therefore, should be completed in days, or at most, a Pediatr., 37:111, 1966. 


f . . . . 16. Farber, S.: Clinical Pathological Conference. The Children’s 
w weeks There ": "i justification for p rolonged Medical Center, Boston: J. Pediatr., 54:116, 1959. 
therapeutic trials during which the patientis permitted 17, Fischer, G. W., Vazquez, A. M., Buist, N. R. M., Campbell, 


to have repeated hypoglycemic attacks.*! In our 6 pa- J. R., McCarty, E., and Egan, E. T.: Neonatal Islet Cell 


tients, the interval between onset of symptoms and — i Report and Literature Review. Pediatrics, 


time of operation ranged from 19 days to two months 18. Frasier, S. D., Smith, F. G., and Nash, A.: The Use of Glucagon- 

with an average of 4% weeks. gel in Idiopathic Spontaneous hypoglycemia of Infancy 
Pediatrics, 35:120, 1965. 
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DISCUSSION 


DR. STANLEY J. DupRickK (Houston, Texas): I congratulate Dr. 
Colin Thomas on this excellent paper concerning a very complex 
subject, particularly because of the importance of early diagnosis and 
prompt surgical management, if we are to salvage these infants and 
allow them to enjoy a normal, or reasonable, quality of lite. 

As he emphasized, 25% or more of these patients are mentally 
retarded, and the apparent etiology is the occurrence of the frequent, 
either unrecognized or poorly managed, episodes of hypoglycemia. 

At the Hermann Hospital in Houston, we recently helped to 
manage a newborn infant who experienced persistent hypcglycemia 
and secondary seizures. The diagnosis of insulinoma was suspected 
clinically and reinforced biochemically. However, the presence of a 
pancreatic islet cell tumor was confirmed and localized preoperatively 
by selective arteriography. 

(Slide) Dr. Ben-Menachem in our Department of Radiology is an 
absolute wizard with intra-arterial catheters, and, using the Seldinger 
technique he threaded a catheter having a diameter of 0.037 mches via 
the aorta and celiac axis into the tiny gastroduodenal artery. (Slide) 
Here in the capillary phase of the dye injection, a tumor blush in the 
body of the pancreas can be appreciated. (Slide) In the venous phase, 
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an even more prominent blush can readily be seen, representing a 3 
mm in diameter adenoma. (Slide) At operation, the adenoma could 
neither be seen nor palpated until the body and tail of the pancreas 
had been dissected free of the spleen and splenic vein, care being 
taken to preserve these structures. Postoperatively, the blood sugar 
concentration initially rose to greater than 300 mg/100 ml, but 
returned to normal levels and stabilized within 48 hours. 

I would like to reemphasize the importance that Dr. Thomas at- 
tributed to preserving the splenic vein and the spleen, in order to 
prevent the otherwise significantly high incidence of pneumococcal 
sepsis that occurs in splenectomized children even five, 10, or 15 
years later. I'd like also to congratulate Dr. Thomas and his group on 
their impressive series, and to recommend selective arteriography to 
you as a definitive preoperative diagnostic aid in the management of 
this rare, but curable problem. 


DR. CoriN G. THoMas (Closing discussion): We have not used 
angiography in these patients, for the following reasons. Most of them 
will not have a tumor. They are more likely to have nesidioblastosis or 
hyperplasia. Secondly, those tumors that have been reported, of 
which now there are about 17 or 18, were all less than one-half 
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centimeter in diameter. The size makes them difficult to identify by 
angiography. Thirdly, there is some hazard associated with 
angiography in the neonate. 

One should, however, procure an abdominal x-ray, because there 
has been at least one patient reported in whom the adenoma was 
calcified, on plain film of the abdomen. | 

In closing, let me amplify on the entity of nesidioblastosis; that is, 
islet cells derived from ductal epithelium. 

(Slide) This illustrates the origin of islet cells from ductular epi- 
thelium in a patient in whom we identified a nesidioblastoma. An 
electron microscopic view is seen in the next slide, [slide] and shows 
ductular epithelium adjacent an islet cell identified by this electron 
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dense granule, which is consistent with that of the insulin secreting or 
beta cell. 

(Slide) The next few slides show that in patients with nesidio- 
blastosis one may have all three cell types, although the beta cell 
predominates. Here we see electron dense granules, somewhat 
rhomboid in character, which are characteristic of insulin. 

(Slide) This illustrates another area demonstrating electron dense 
granules with a little translucent halo characteristic of an alpha cell. 
These larger electron dense granules are typical of gastrin producing 
delta cells. 

It’s of interest that in the nesidioblastomas all but one have been 
pure beta cells in composition. One patient had all three cell types. 


The Surgical Treatment of Primary Hyperparathyroidism: 


A 20 Year Experience 


ROBERT J. COFFEY, M.D., THOMAS C. LEE, M.D., JOHN J. CANARY, M.D. 


Analysis of a series of 200 surgically treated cases of primary 
hyperparathyroidism was carried out in an effort to identify not 
only the changing clinical patterns and improved diagnostic 
methods but also to assess the long term results of our con- 
ventional operative methods in light of recent reports of a 
high incidence of diffuse hyperplasia and a high recurrence 
rate when surgery is restricted to removal of the adenoma. 
As reported by others the ‘‘chemical diagnosis" of primary 
hyperparathyroidism, the clinical setting in which unsuspected 
hypercalcemia is demonstrated on routine blood analysis, ac- 
counts for the majority of diagnoses today. Impending or actual 
**parathyroid crisis" has been observed with alarming fre- 
quency. The use of the thiazide challenge test prcvides a 
useful diagnostic aid in many instances. The incidence of 
diffuse hyperplasia was 6% in this series while an adenoma 
was present in 88%. No instance of recurrence was ob- 
served in either the cases of adenomas or diffuse hyperplasia. 


Th SURGICAL TREATMENT of primary hyperpara- 
thyroidism has become the center of considerable 
controversy. In 1964 we reported our earlier experi- 
ences at a meeting of the Southern Surgical Asso- 
ciation.’ It was our belief that the responsible lesion 
in the great majority of the cases was a single adenoma, 
removal of which permanently controlled this disorder. 
Since then Haff,” Ballinger! and Paloyan? hawe ad- 
vanced the thesis that approximately half of the pa- 
tients with so-called adenomas have in reality a form 
of localized hyperplasia. They advocate remcval of 
three to three and a half parathyroid glands in all 
patients with adenomas to prevent a significant rate of 
recurrence. In an attempt to determine which of these 
divergent views of surgical treatment is correct, we 
have reviewed 200 consecutive patients trea:ed at 
Georgetown University Hospital. In each case the 
preoperative studies clearly favored the presence of an 
autonomous source of excessive parathyroid activity. 
Long term follow-up studies were carried out to evalu- 
ate the efficacy of treatment and the inciderce of 
recurrence. 





Presented at the Annual Meeting of the Southern Surgical 
Association, December 5-8, 1976, Palm Beach, Florida. 
Submitted for publication: December 10, 1976 
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Clinical Features 


Recently it has been observed that. there has been 
an explosive increase in the frequency with which 
the diagnosis results from the demonstration of an 
elevated serum calcium level on routine sequential 
multiple analyzer (SMA) studies.? This chemical pres- 
entation was present in 40 of our most recent 100 
patients whereas in only five of our original 100 pa- 
tients was the diagnosis suggested by such methods 
(Table 1). To apply the term "asymptomatic" to 
these patients is inaccurate. While the correct diag- 
nosis had not been suspected on clinical grounds, a 
retrospective analysis of complaints such as per-, 
sonality changes, back ache, bone pain, lassi- 
tude, anemia, and various gastrointestinal symptoms 
strongly suggests that these complaints are, in fact, 
related to this syndrome, particularly when they are 
ameliorated after surgical correction of the hyper- 
parathyroid state. 

Nephrolithiasis, commonly recurrent, continues as 
an important clinical setting in which a diagnosis of 
primary hyperparathyroidism is made. However, this 
was the salient clinical feature in only 29% of our 
recent patients as contrasted to 65% of the earlier 
series, a decline resulting from the addition of the 
many cases in which a chemical diagnosis was made. 
Peptic ulcer, pancreatitis, and bone disease con- 
tinue to draw the attention of the clinician to this 
diagnosis in a significant number of patients. 

The incidence of impending or overt ‘‘acute para- 
thyroid crisis" has been greater in our experience 
than is commonly reported. This acute exacerbation 
of chronic hyperparathyroidism is usually provoked by 
some incident or event that results in further eleva- 
tion of the serum calcium, by means of either de- 
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creased bone formation (enforced bed rest), increased 
intestinal absorption (vitamin D availability) or in- 
creased mobilization from bone (phosphate depriva- 
tion). In our experience the dominant clinical fea- 
ture of parathyroid crisis has been mental depres- 
sion. This varies from mild lassitude, frequently with 
memory lapses and inattentiveness, to stupor and 
coma. The serum calcium is strikingly elevated, the 
blood urea nitrogen and creatinine are commonly 
high, oliguria develops, and a rapidly fatal course 
ensues in the untreated case. In spite of the fact 
that we were able to collect only 107 documented 
instances of this entity in a careful search of the 
literature in 1970* it is our conviction that many 
fatal cases have escaped detection since a comatose 
patient with an elevated blood urea nitrogen is com- 
monly considered to have ‘‘uremic coma." In 16 patients 
(8%) of this series an acute parathyroid crisis was 
observed. The average serum calcium level was 17.0 
mg, ranging from 14.9 mg to 28.0 mg. In four of 
these 16 the mental dampening was relatively mild 
although the serum calcium was alarmingly elevated 
(14.9 mg, 15.0 mg, 17.9 mg, 18.2 mg). These in- 
stances of ‘‘impending crisis’’ differed from those of 
actual crisis only in the degree of depression. In 
the 12 cases of overt crisis a rapid and progressive 
deterioration of the patient ensued, making it abun- 
dantly clear that ‘‘emergency’”’ surgical intervention is 
essential. In our earlier series, two patients expired 
while being considered for elective surgery while a 
recent patient died two days after a futile cervical 
exploration. We are convinced that the suggested 
treatment of these patients with phosphate or mith- 
romycin fails to provide the immediate and defini- 
tive control obtained by surgical removal of the 
adenoma. The operative procedure is usually brief and 
technically simple, inasmuch as the parathyroid tumor 
is conspicuously large and easily identified in most 
cases, being clinically palpable in five of the 16 patients. 
Complete postoperative recovery usually occurs in 
6-10 days. Only one serious complication, an attack 
of acute pancreatitis, was observed following removal 
of the adenoma. 


Improvements in Diagnosis 


A sustained elevation of the serum calcium level 
that cannot be explained on any other basis remains 
the keystone in the diagnosis of primary hyperpara- 
thyroidism. The radioimmunoassay of parathyroid hor- 
mone (PTH) represents an extremely valuable aid 
which most likely will in time become the ultimate 
diagnostic tool. While we currently obtain pre- and 
postoperative measurements of PTH levels, our indica- 
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TABLE 1. Clinical Features 








Prior to 1970 Subsequent to 1970 
100 Patients 100 Patients 
62 Renal stones 29 
7 Pancreatitis 8 
9 Ulcer 10 
6 Bone changes 5 
5 Chemical Diagnosis 40 
8 Crisis 8 





tion for surgical exploration is based largely on the 
aforementioned hypercalcemia. The use of arteriog- 
raphy and selective venous sampling with PTH assay 
is reserved for use in cases requiring reoperation, 
particularly if a mediastinal site of an adenoma is 
suspected. 

An extremely helpful diagnostic refinement has been 
the 'thiazide test". As demonstrated by Canary’ 
and others,® the oral administration of 50 mg of 
hydrochlorothiazide every eight hours for four days 
while on a high calcium diet provokes a sustained 
rise in the serum calcium which is not observed 
in the euparathyroid individual. This test has had 
valuable application in those cases with minimal or 
borderline hypercalcemia: a sustained rise in serum 
calcium provides the surgeron with reassuring evidence 
of the validity of the preoperative diagnosis. 

Roentgen evidence of osseous changes, particularly 
in the terminal phalanges of the hands and in the 
outer ends of clavicles, has provided useful diag- 
nostic information in approximately 10% of the cases. 

After the diagnosis of primary hyperparathyroidism 
is convincingly established, the preoperative localiza- 
tion of the responsible lesion is, of course, extremely 
desirable to the operating surgeon. However we have 
become convinced that in the patient who has not 
been previously subjected to surgical exploration of 
the parathyroids the use of localizing procedures, 
including arteriography, venous sampling, isotopic 
scanning, thermography, and dyes will in no way 
modify or alter the need for a careful and meticulous 
surgical exploration by an experienced surgeon. We 
reserve the use of these sophisticated and somewhat 
risky procedures for those patients in whom previous 
surgical intervention has failed to demonstrate appro- 
priate parathyroid pathology with persistence of chemi- 
cal evidence of hyperparathyroidism. 


Operative and Pathologic Findings 


In no other surgical enterprise is close rapport with 
mutual understanding and respect between the endo- 
crinologist, the surgeon and the pathologist more 
essential. Concern about the time involved or the 
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TABLE 2. Pathology 
Per Cent 
Adenoma 88.0 
Hyperplasia 6.0 
Carcinoma y, 
Tertiary 1.0 
Ectopic PTH 1.0 
Inexplicable 2.0 
Negative Exploration 1.5 


number of biopsies has no place in parathyroid 
surgery. The surgeon’s careful appraisal of the gross 
changes involving the parathyroid glands is as essen- 
tial to the accuracy of the final diagnosis as the 
histopathologic findings by a competent and experi- 
enced pathologist. 

Contrary to recently published reports'?^? of a pre- 
ponderance or unusually high incidence of diffuse 
hyperplasia, this pathologic entity was encountered 
in only 12 of 200 cases (6%) (Table 2). Except in 
the one case of clear-cell hyperplasia all ef these 
were of the chief cell variety. In two imstances 
adenomatous hyperplasia was observed. On the other 
hand, an adenoma was found in 176 cases (88%) in four 
of which there were two distinct adenomas. The vast 
majority were of the chief cell type, the oxyphilic and 
clear cell variants making up less than ten percent 
of the group. In two cases of secondary hyper- 
parathyroidism associated with chronic renal disease 
an autonomous adenoma had subsequently developed, 
resulting in primary hyperparathyroidism engrafted on 
a preexisting secondary form of the disease: or the 
so called ‘‘tertiary hyperparathyroidism’’. In two cases 
with typical biochemical and hormonal features of 
primary hyperparathyroidism, ectopic parathyroid hor- 
mone production by a myeloblastoma of the esophagus 
in one and carcinoma of the lung in the other, 
was responsible for the hyperparathyroid state. 

In four patients in whom a preoperative d:agnosis 
of primary hyperparathyroidism had been firmly es- 
tablished, exploration has revealed normal appearing 
glands. The customary procedure of multiple gland 
biopsy plus removal of several glands in three of the 
cases, and appropriate thyroid resection in one, was 
carried out. All parathyroid tissue was judged to 
be normal on microscopic study by an experienced 
pathologist. In each of these four cases careful and 
repeated follow-up studies extending over a period 
of two to 7 years has demonstrated consistently 
normal calcium levels, normal PTH levels, and in 
three of the cases a normal response to thiazide 
administration. It has been suggested that these 
results are to be explained either on the basis 
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of unrecognized hyperplasia of the parathyroid glands 
or because the blood supply of a hidden adenoma 
had been compromised. In three other patients hyper- 
calcemia and an elevation of the PTH persists following 
failure to identify appropriate parathyroid pathology on 
cervical exploration in two and on combined cervical- 
mediastinal exploration in the third. After further local- 
izing studies, reoperation is planned in these cases. 

As diagnostic methods improve and permit earlier 
recognition of primary hyperparathyroidism, the gross 
changes observed in the parathyroid glands will be 
less conspicuous and, of course, more difficult to 
identify. Conversely, the presence of bone changes, 
the occurrence of a crisis, or marked elevation of the 
serum calcium is usually associated with advanced 
and easily recognized pathology. In our experience 
the superior glands are involved as often as the 
inferior. If a superior gland adenoma is situated in 
an aberrent location it is most often para-or retro- 
esophageal. In five cases the adenoma was so sit- 
uated, and in one case the tumor was intimately 
related to an esophageal diverticulum. Inasmuch as 
the inferior glands are embryologically related to the 
thymus gland, an aberrant inferior adenoma is most 
often found in the upper end of the thymus, a 
relationship observed in two patients. In 8 cases 
the adenoma was found either within the substance 
of the thyroid gland or so intimately beneath its 
capsule as to be virtually indistinguishable from the 
thyroid. 


Reoperation 


After an unsuccessful cervical exploration, per- 
sistent elevation of the serum calcium and PTH level, 
as well as a sustained elevation of the serum cal- 
cium after thiazide administration, is an indication for 
reoperation after a variable interval, usually three to 
12 months. 

It has become our established policy in these cases 
to reexplore the neck as the initial phase of the 
operative procedure, and, if this search proves futile, 
to extend the incision into the mediastinum by means 
of splitting the sternum with ‘‘en bloc’’ removal of 
the appropriate anterior mediastinal contents. 

In 11 cases requiring reoperation the responsible 
adenoma was discovered via the neck incision in 6 
cases, obviating the need for a sternal split. Division 
of the sternum with removal of the anterior mediastinal 
contents was performed in the remaining five, in 
four of which the adenoma was found. In a single 
case reexploration of the neck with removal of the 
mediastinal contents failed to uncover the respon- 
sible adenoma— the patient remains chemically 
hyperparathyroid. 
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Recurrent Hyperparathyroidism 


In view of the aforementioned reports of a high 
recurrence rate of primary hyperparathyroidism 
following the removal of a single adenoma in cases 
in which the other glands appear to be normal,!6-7-9 
a careful analysis of the long-term status of these 
patients was a point of major interest in this review. 
The follow-up studies carried out by our Division 
of Endocrinology included periodic clinical assess- 
ment with determination of the serum calcium, phos- 
phorus and magnesium level, and in recent years a 
determination of PTH level by radioimmunoassay, 
as well as the thiazide challenge test. 

In the 176 cases of parathyroid adenoma, follow-up 
data over an average period of 10 years was avail- 
able in 161 or 91.596. Of these, no single instance 
of recurrent hyperparathyroidism has been identified. 
It is of interest that this group includes a number of 
so called *'high risk" cases, namely, three cases 
of multiple endocrine adenomatosis (type 1) and 
three instances of familial occurence. This complete 
absence of recurrent disease reinforces our convic- 
tion that the adenoma in these individuals repre- 
sented the total parathyroid pathology and that the 
adenoma was not a local manifestation of diffuse 
hyperplasia. Furthermore, in the 12 cases of well docu- 
mented diffuse hyperplasia, removal of three parathy- 
roid glands with preservation of a portion of the fourth 
resulted in permanent control of the hyperparathyroid 
state as evidenced by normal calcium and parathor- 


DISCUSSION 


DR. OLIVER H. BEAHRs (Rochester, Minnesota): Unfortunately 
in recent years there have been reports which have concluded that 
primary hyperparathyroidism in the majority of cases is due to hyper- 
plasia or multiple gland versus single gland involvement. 

This has been, in our opinion, over reading of the pathology 
which has led to over treatment by the surgeon—this has occurred in 
a segment of practice in our institution. The surgeon must 
remember that pathology is an interpretive science not an exact 
one and should not ignore clinical experience. In so doing and using 
surgical judgment, considering all pertinent facts, his results will 
duplicate those reported in this paper. 

In a paper just presented at Western Surgical Association Meet- 
ing we reported our experiences in 198 cases of single gland 
resection (81% of cases during that period of time) followed for 
up to 7 years. In only two cases was there question of return 
of hypercalcemia—in one the highest level 10.2 mg/ml and 10.6 
in another, both remained asymptomatic when last followed. There 
was no morbidity of hypocalcemia in this group of cases. 

In another study evaluation of cases treated more radically, 34% 
gland resections, on the assumption that underlying pathology was 
hyperplasia, morbidity was significant. This practice was short 
lived at our institution, but the philosophy persists in some 
quarters. This over treatment leading to hypocalcemia and other 
morbidity is unfortunate since today the majority of patients 
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mone levels on follow-up studies. These results indi- 
cate that our earlier views were correct and that the 
therapeutic recommendations we previously made 
were reasonable and continue to be effective. This 
report, then, is a reaffirmation of our previous data 
and conclusions. 
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operated have asymptomatic hypercalcemia discovered by multiple 
channel analysers. 

Doctor Coffey's paper substantiates the fact that most cases of 
hyperparathyroidism are single gland disease and can be treated 
as such with excellent results. 

His study will aid in bringing back the pendulum to the position 
where it belongs in the management of this disease. 

He also puts the proper perspective on the use of sophisti- 
cated tests to aid in location of parathyroid tissue. These tests are 
costly and are associated with significant morbidity especially 
angiography. In our experience without them, in 96% of pri- 
mary cases the pathology is found and also in 75% of sec- 
ondarily explored cases. This experience is similar. 


DR. J. ENGLEBERT DuNPHY (San Francisco, California): A recent 
review of approximately 400 cases, going back for many years, 
largely initiated by the work of the late Leon Goldman, Drs. 
Orlo Clark and Thomas Hunt in our department have shown 
that if patients with multiple endocrine adenomatosis, familial 
hyperparathyroidism, or cancer are set aside as a separate group, 
the incidence of hyperplasia is extremely low. Our figures are 
almost exactly the same as Dr. Coffey's. Some 85% of cases 
were caused by a single adenoma, and in a long-term follow-up 
we have found that the recurrence rate in our hands is 0.4%. 

An essential part of obtaining this type of a record is tech- 
nical competence, wide exposure of the neck, and identification 
of all parathyroid tissue. When this is done, and a single 
adenoma is identified, the results are highly satisfactory. 
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Dr. WILLIAM C. McGarity (Atlanta, Georgia): In a personal 
series of 200 cases of primary hyperparathyroidism during the 
past 10 years, we, as others, have seen various types of pa- 
thology. Sometimes this pathology has been confusing, such as an 
adenoma and hyperplasia in the same patient, varying size of 
glands and hyperplasia, more than four glands found in some 
patients. 

We attempt to identify all four glands before removing any 
parathyroid tissue. In 75 cases where we have identified all 
four glands and where we have biopsied all four glands, the 
pathology has been as follows: an adenoma in 80%, hyper- 
plasia in 12%, an adenoma and hyperplasia in the same patient 
in 6%, and a carcinoma in two cases. 

Our surgical approach is also to remove the adenoma when the 
remaining glands are normal, and to carry out a 3% gland resec- 
tion in hyperplasia. We have had the persistence of the disease 
in five patients in the last hundred. Three of these were later 
found to have an adenoma in the mediastinum. The ether two 
patients are of interest, in that we found four glands each; they 
had hyperplasia. Three and one half glands were resected, and 
they had persistent hypercalcemia. These have not been re-explored, 
and we suspect a fifth gland. However, the remaining parathyroid 
tissue may be hyperfunctioning. 

In regard to arteriography, we have found this to be of value 
in selected patients. We also advise this to be done in only the 
patient that has had a thorough neck exploration. 

(Slide) We have found arteriography to be helpful im approxi- 
mately 50% of the cases in which we have carried it out. This 
illustrates a patient that was referred in after exploration of the 
neck, with finding of three normal glands, with postoperative 
persistent hypercalcemia. This is an oblique view, showing a 
tumor stained far posterior to the thyroid gland, and at re-explora- 
tion this was an adenoma between the esophagus and vertebra. 

(Slide) This was another interesting case, in that this patient 
at exploration was found to have four glands. These glands showed 
hyperplasia. 3% were resected, with persistent hypercalcemia. An 
arteriogram showed a large tumor stain in the mediastinum. 

(Slide) A lateral, showing the tumor stain just beneath the 
sternum. 

At second exploration, a large parathyroid adenoma was re- 
moved from the mediastinum. This patient had hyperplasia, an 
adenoma, and five parathyroid glands. 


Dr. RICHARD T. Myers (Winston-Salem, North Carolina): Of 
major interest to Dr. Coffey’s group, and to those of us at 
Bowman Gray, is the pathology as reported and the ratio of 
adenoma to hyperplasia. (Slide) As you can see, our ratio is 
roughly the same here as theirs, with about 9% of the masses 
being hyperplasia, 87% being adenomata. 

I would say, using the same pathological criteria and selective 
criteria for operation, that our results have been simiiar, in that 
we have had only one patient who has had a recurrent hyper- 
calcemia. In that one patient who had hyperplasia. only two 
glands could be found at the first exploration. 

The next point I would like to make is one that Dr. Coffey empha- 
sizes in his manuscript, and that is the explosive effect of the 
chemical screening that has been available since 196€. You will 
see that in 80% of our series of patients, the diagnosis was made 
in the last 10 year period, as contrasted to 20% for the prior 15 year 
period. 

(Slide) There's no question but what the symptomatology of 
this disease is changing, as Dr. Coffey pointed out. We're not 
seeing many patients now with advanced renal anc advanced 
bone disease. Instead, many of our patients are ‘‘asymptomatics’’, 
their disease having been picked up by a chemical screening test. 
I would caution you, however, to talk to these patents retro- 
spectively. As Dr. Coffey pointed out, many of them had subtle 
symptoms referable to the gastrointestinal tract and the neuromus- 
cular system that were relieved by the operation. Only careful 
questioning will bring this out. 
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Finally, I would like to ask several questions about the thiazide 
stimulation test. It has been the custom of the endocrinologists at 
our institution to take the patients off thiazide when it is shown 
that their serum calcium is elevated, and to refer to us for 
operation those in whom the serum calcium remains elevated. 
To date, I believe that in most of them, serum calcium has 
remained high after the thiazide has been withdrawn. I would 
like to ask: Are the results of the thiazide stimulation test affected 
by renal function? And what is the rate of false-negative and 
false-positive results? 


DR. ARLIE R. MANSBERGER, JR. (Augusta, Georgia): I arise to 
allude to a diagnostic dilemma that we have seen in our some- 
what smaller series. 

When patients present with signs and symptoms of hypercal- 
cemia, and when malignancies such as certain squamous cell 
carcinomas, or benign disease such as sarcoidosis, are discovered 
and proved by biopsy, there is a natural tendency to relate the 
etiology of the hypercalcemic state solely to the proven diagnosis, 
and to ignore the potential or coexisting primary hyperpara- 
thyroidism. 

In our series of 135 patients with parathyroid adenomata, ex- 
cluding those patients with MEN syndrome and two patients 
with carcinoma of the parathyroid, we have had five patients 
with coexisting malignancy, all of which were capable of pro- 
ducing hypercalcemia. These included carcinoma of the breast, 
colon, a soft tissue sarcoma and squamous cell carcinoma of the 
larynx. All five were subsequently proved at operation to have 
coexisting parathyroid adenomata. 

One patient with benign disease and hypercalcemia was equally 
confusing with respect to diagnosis. (Slide) This is the patient who 
was referred because of an elevation of the calcium level. She pre- 
sented with the chief complaint of substernal pain, pleuritic in 
nature. (Slide) I would like you to note that initially, even, the 
patient had a mild hyperchloremic acidosis (Slide) This was the 
presenting x-ray. Notice the wide mediastinal nodes. (Slide) She 
was evaluated extensively and found to have sarcoidosis. (Slide) 
After treatment with steroids, etc., notice the resolution of her 
mediastinal nodes. (Slide) The patient remained hypercalcemic 
with an elevated PTH, and at the same time remained hyper- 
chloremic. A parathyroid adenoma was removed at the time of 
neck exploration. 

As has been alluded to in the presentation, there are patients 
who have prior neoplastic disease, who have elevated PTH levels, 
as measured, with and without hypercalcemia. Therefore, the deter- . 
mination of PTH alone is insufficient to make the differential 
diagnosis in paraneoplastic disease. 

An approach in this dilemma that we are taking—and, of course, 
it's in a relatively small number of patients—is to measure not 
only the PTH level, but also to utilize the steroid infusion test, 
along with a measurement of arterial blood pH, and serial chloride 
measurements, feeling that an elevated PTH, absence of calcium 
depression to steroid infusion, and mild hyperchloremic acidosis, in 
combination, are indicative of primary hyperparathyroidism. 

I would like to ask Dr. Coffey about his experience with this 
dilemma of coexistent diseases, and his advice with respect to the 
differential diagnosis of same. 


DR. JoHN J. CANARY (Closing discussion): I think a very important 
point was emphasized that the ‘‘asymptomatic’’ patient may be 
asymptomatic only pretreatment, and this I believe applies to 
other disorders as well. Many of these individuals who will deny 
symptoms of any system preoperatively will, 6 months following 
correction, be able to go back and say: ‘You know, I denied this, 
I denied that, I denied the other thing, but I recognize now that 
I had had it long enough so that I didn't recognize it or them 
as symptoms. I do not now have them.” I think the term *'asympto- 
matic’’ should be clearly defined in quotation marks, as not truly 
asymptomatic. 

The problem of coexistent disease is a formidable one. We are 
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delighted to find in others’ experience it is not a large problem. It’s 
a small portion of our total experience. I don’t think that this is 
an appropriate area for a wide-ranging discussion of all the 
various modifications for defining those relatively few patients. 
With almost all other disorders but malignancy—sarcoidosis, 
vitamin D intoxication, etc.—parathyroid hormone measurements 
will be down, whether C-fraction or N-terminal fraction, urinary 
clearance or nephrogenous clearance of cyclic AMP will be down 
and will exclude a parathyroid problem. The principal problem would 
be the patient with a malignancy producing ectopic PTH mate- 
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rial. The only thing I can say, and I believe I speak for my 
collaborators here, is that in general patients with hypercalcemia of 
nonparathyroid mechanisms generally are quite sick. Patients with 
hypercalcemia of parathyroid type, unless it is in the crisis or 
precrisis range, are generally much less sick. I have utilized the 
terms ''clean" and '"'dirty calcium" to describe this; that the 
calcium produced by non-parathyroid mechanisms seems to be 
dirtier somehow, relative to the patient's clinical situation. It 
is clear that tumoral hypercalcemia does pose, and will continue 
to pose, formidable diagnostic difficulties. 


Surgical Experience with Cushing's Disease 


H. WILLIAM SCOTT, JR., M.D., GRANT W. LIDDLE, M.D., J. L. MULHERIN, JR., M.D., T. J. MCKENNA, M.D., 


S. L. STROUP, M.D. AND R. K. RHAMY, M.D. 


N 1932 HARVEY CUSHING? described a syndrome of 

truncal obesity, hypertension, amenorrhea, hir- 
sutism, purplish abdominal striae, polyphagia, poly- 
dipsia, polycythemia and susceptibility to infections. 
Four of the 8 patients in his series were found at 
autopsy to have basophil adenomas of the pituitary 
and Cushing attributed the syndrome to pituitary baso- 
philism. Anderson et al.! in 1938 brought evidence 
that the common denominator in Cushing’s syndrome 
is hyperactivity of the adrenal cortex, and it has 
subsequently been clearly established that the funda- 
mental hormonal basis of the syndrome described by 
Cushing is hypercortisolism. 

If those cases due to the use of steroid hormones 
in medical therapy are excluded, hyperccrtisolism 
occurs most commonly from three causes: (1) bilateral 
adrenal cortical hyperplasia under the stimulatory 
effect of increased secretion of adrenocorticotropin 
(ACTH) by the pituitary which may or may nct contain 
an adenoma, (2) bilateral adrenal cortical hyperplasia 
under the stimulus of ectopic ACTH secreted by a 
non-endocrine tumor such as oatcell carcinoma of the 
lung, (3) adrenocortical tumor, either benign or 
malignant. 

Despite the impression of certain physicians that the 
incidence of Cushing's syndrome is on the increase, 
it appears more likely that this represents implementa- 
tion of better diagnostic methods which promote wider 
recognition of the disease rather than an absolute 
increase. It occurs more frequently in young adults 
and is two to three times more common in females 
than in males. 

This report summarizes our surgical experience with 
Cushing’s disease, the variant of the syndrome caused 
by bilateral adrenal cortical hyperplasia secondary to 
excessive secretion of ACTH by the pituitary, also 
referred to as ‘‘pituitary-dependent hypercortsolism’’. 
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Clinical Material 


During the last 24 years at Vanderbilt University 
Hospital, over 200 patients with spontaneous hyper- 
cortisolism, or Cushing’s syndrome, have been ob- 
served. Excluding the iatrogenic syndrome secondary 
to the medicinal use of steroids, the most frequent 
cause of this disorder was pituitary-dependent hyper- 
cortisolism or Cushing’s disease (63%) followed in 
frequency by Cushing’s syndrome due to adrenocorti- 
cal tumor (24%) and the ectopic ACTH variant (13%). 

Among the patients in this group, 119 who proved 
to have Cushing’s disease were studied and treated 
from 1952 through 1976. The age range was 7 years” 
to 68 years and two-thirds of the patients were females. 

The clinical features which were observed in this 
group of patients were similar to those with benign 
adrenocortical tumor causing Cushing’s syndrome." 
The clinical manifestations in 29 patients with Cush- 
ing’s disease who were treated by total bilateral 
adrenalectomy are summarized in Table 1. As can 
be readily seen in the table, several patients had 
only a few of the classic manifestations of the 
syndrome originally described by Cushing. Truncal 
obesity, hypertension, weakness and ''moon facies" 
were the most frequently encountered features. 

Symptoms developed in these patients with Cush- 
ing's disease over a period of many months to a few 
years before the diagnosis was suspected. Excessive 
production of cortisol in Cushing's syndrome results in 
a catabolic state with protein depletion and diminu- 
tion in the total mass of the patient's muscle and 
connective tissue. In addition to muscular weakness 
and osteoporosis with loss of strength of bones and 
pathologic fractures, children in this group showed 
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evidence of growth retardation. The thinness and 
delicacy of the skin with its increased capillary 
fragility were manifested by easy bruisability and 
abdominal striae which are characteristic of severe 
protein depletion. Cutaneous striae developed where 
the protein depleted corium of the skin was stretched 
and split by underlying accumulations of adipose 
tissue. The enhanced protein breakdown is associated 
with increased gluconeogenesis and diminished carbo- 
hydrate tolerance occasionally resulting in overt 
diabetes. Another common problem of altered protein 
and carbohydrate metabolism is impairment of wound 
healing. 

Accompanying the excessive breakdown of protein 
in Cushing’s syndrome is an abnormal accumulation 
of fat and these patients had the characteristic pat- 
tern of deposition in the face, neck, back and trunk. 
The cervicodorsal fat pad has been characterized as 
a "buffalo hump” and accumulation of fat in the 
face often produces the typical ‘‘moon facies’’. Most 
patients showed the remarkable tendency to accumu- 
late fat in the trunk, often strikingly severe, in con- 
trast to the accompanying muscular wasting and 
thinning of the arms and legs. The weakness and 
easy fatiguability, which occurred in most patients, 
are clearly related to protein catabolism and the severe 
depletion of muscle mass. 

Hypertension, frequently with concomitant head- 
aches, developed most likely because of salt and water 
retention with expansion of extra-cellular volume. In 
addition, a few patients developed metabolic alkalosis 
with accompanying hypokalemia. Unlike patients 
with primary aldosteronism, however, patients with 
Cushing’s disease do not have suppressed plasma 
renin activity in association with their expanded 
extracellular fluid volume, and it has been suggested 
that the renin-angiotensin system contributes to the 
elevation of blood pressure in Cushing’s disease. 

Menstrual abnormalities occurred in half of the pre- 
menopausal women. Hirsutism, acne and other aspects 
of mild virilization also occurred in women. Emo- 
tional instability was frequently observed in these 
patients with Cushing’s disease and a few had more 
severe mental disorders, including psychoses. 


Endocrinologic Diagnosis of Cushing’s Syndrome 


Establishment of the diagnosis of Cushing’s syn- 
drome in patients who are suspected of having this 
disorder may be accomplished by precise studies of 
adrenocortical function and adrenal-pituitary relation- 
ships. These studies are of fundamental importance 
in differentiating Cushing’s syndrome due to pituitary- 
dependent adrenocortical hyperplasia, extra-endocrine 
tumor and adrenocortical tumor. 
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TABLE 1. Incidence of Clinical Manifestations in 29 
Patients with Cushing's Disease 





Central obesity 22/29 76% 
Hypertension 19/29 70% 
Weakness 18/29 62% 
Moon facies 16/29 55% 
Ecchymoses 15/29 52% 
Osteoporosis 15/29 52% 
Diabetes 14/29 48% 
Protein wasting 11/29 38% 
Hirsutism 10/22 45% 
Mental aberrations 10/29 34% 
Menstrual abnormalities 8/15 53% 
Edema 8/29 28% 
Striae 6/29 21% 





Plasma cortisol levels in normal individuals show 
characteristic diurnal variations. Cortisol levels meas- 
ured in the early morning are two to 6 times as 
high as those measured in the late evening. In normal 
subjects these diurnal variations in plasma cortisol 
levels correlate with plasma ACTH concentrations. 
Unstressed normal subjects characteristically have 
evening plasma cortisol concentrations less than 7 ug/ 
100 ml. In contrast, patients with Cushing's syn- 
drome do not have the normal diurnal variation in 
plasma cortisol levels. The early morning plasma 
cortisol level in patients with Cushing's syndrome may 
occasionally be within the normal range, but late 
evening values are distinctly elevated (usually well 
above 12 ug/100 ml).* 

Another laboratory estimation of the activity of the 
adrenal cortex in producing cortisol is measurement 
of the daily urinary excretion of 17-hydroxycortico- 
steroids (17-OHCS). Normal unstressed adults excrete 
three to 12 mg of 17-OHCS in 24 hours and patients 
with Cushing's syndrome usually excrete in excess of 
12 mg/day. The accuracy of the urine collection and 
at the same time an adjustment for body size can 
be obtained by relating the quantity of 17-OHCS to 
the quantity of creatinine in the urine. Patients 
with Cushing's syndrome almost always excrete 
more than 10 mg of 17-OHCS per gram of creat- 
inine while normal subjects excrete 3 to 7 mg of 17- 
OHCS per gram of creatinine.? 

Pavlatos, Smilo and Forsham!? have popularized a 
screening test for Cushing's syndrome which consists 
of giving the suspect 1 mg of the synthetic hor- 
mone, dexamethasone, at 11 p.m. and then drawing 
blood for plasma cortisol concentration at 8 a.m. 
Normal individuals will have suppression of plasma 
cortisol concentrations to 5 44g/100 ml or less while 
patients with Cushing's syndrome maintain plasma 
cortisol concentrations in excess of this amount. 

The most reliable laboratory test for establishment 
of the diagnosis of Cushing's syndrome is the dexa- 
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methasone suppression test originally described by 
Liddle.?5 This is based on urinary 17-OHCS response 
to small doses of the synthetic steroid, dexametha- 
sone, which has 30 times the potency of cortisol 
and which like cortisol can suppress ACTH secre- 
tion by the pituitary. In normal subjects, 0.5 mg of 
dexamethasone orally every 6 hours causes a drop 
in urinary secretion of 17-OHCS to less than 2.5 
mg/day in 48 hours. Patients with Cushing’s syndrome 
show resistance to suppression at this small dosage 
of dexamethasone. In our experience this abnormal 
resistance to the suppressive effect of dexamethasone 
in low dosage is characteristic of patients with Cush- 
ing s syndrome. 


Endocrinologic Diagnosis of Cushing's Disease 


After the diagnosis of Cushing's syndrome has 
been established by appropriate screening tests, it 
is then necessary to determine the etiology of the 
adrenocortical hyperfunction. The patient with Cush- 
ing's disease or pituitary-dependent hypercortisolism 
can be differentiated by his response to dexamethasone 
in large doses. In such patients when dexamethasone 
is given in oral doses of 2 mg every 6 hours for 
two days, pituitary ACTH secretion is inhibited 
and urinary 17-OHCS secretion is appreciably 
suppressed.*?* 

On the other hand the patient who has adreno- 
cortical tumor which produces cortisol autonomously 
characteristically shows no evidence of urinary or 
plasma 17-OHCS suppression with high dose dexa- 
methasone administration. 

Patients with the ectopic ACTH syndrome’ also 
show resistance to high dose dexamethasone suppres- 
sion, and they must be differentiated from those 
with Cushing’s syndrome due to autonomous cortisol 
secretion by an adrenocortical tumor. This is done 
by measuring the plasma ACTH activity or concen- 
tration. In this situation if the patient has a high 
plasma ACTH, he has Cushing’s syndrome due to 
autonomous secretion of ACTH by an extra-endo- 
crine non-pituitary tumor. However, if the plasma 
ACTH concentration is low (less than 50 picagrams 
per ml), the test indicates the presence of an 
adrenocortical tumor. In this situation the cortisol 
produced autonomously by the adrenal tumor causes 
chronic suppression of pituitary ACTH secretion and 
atrophy of the adrenal cortex uninvolved by tumor. 

Other endocrine studies which may be helpful in 
the diagnosis of Cushing’s syndrome and the endo- 
crinologic differentiation between ACTH-dependent 
adrenocortical hyperplasia and adrenocortical tumor 
include the metyrapone test, the ACTH stimulation 
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test and measurement 17-ketosteroid 
concentrations. 

The drug, metyrapone, blocks 1|1-beta hydroxylation 
in the adrenal cortex and thus impairs the conver- 
sion of compound S (17-hydroxy-11-desoxy-cortico- 
sterone) to cortisol. When patients with Cushing’s 
syndrome are tested with this drug, those with pitui- 
tary-dependent adrenocortical hyperplasia (Cushing's 
disease) show an increased output of urinary 17- 
OHCS, while patients with the ectopic ACTH syn- 
drome have a variable response and those with adre- 
nocortical tumor characteristically fail to respond.?^? 

The ACTH stimulation test may offer further diag- 
nostic information. In response to an 8 hour infu- 
sion of 50 units of ACTH, normal subjects excrete 
20 to 40 mg of 17-OHCS in urine in the subsequent 
24 hours while patients with Cushing's disease re- 
spond by excreting more than 50 mg of 17-OHCS per 
24 hours. About one half of the patients with benign 
adrenal cortical adenomas have shown an increase 
in urinary 17-OHCS secretion after intravenous infu- 
sion of 50 units of ACTH. Characteristically, patients 
with adrenal carcinoma with Cushing's syndrome are 
unresponsive to ACTH stimulation although rare ex- 
ceptions have been reported.!! 

Measurement of urinary 17-ketosteroids in normal 
subjects show 24 hour excretion values of 10 + 5 mg 
for females and 15+ 5 mg for males. While slight 
increases in these levels of 17-ketosteroid excretion 
occur in many patients with Cushing's disease and 
with Cushing's syndrome due to benign adrenal 
adenoma, extremely high values of urinary 17-keto- 
steroid excretion (in the range of 40— 100+ mg/24 hours) 
are more commonly associated with adrenal cortical 
carcinoma. 


of urinary 


Clinical and Laboratory Data 


Table 2 summarizes the pertinent laboratory findings 
and results in 29 patients with Cushing's disease 
whose definitive treatment was bilateral total adrenal- 
ectomy. These patients were selected for this therapy 
from the larger group of 119 patients with Cushing's 
disease after establishment of the diagnosis of pituitary- 
dependent hypercortisolism by precise endocrinologic 
study. Earlier in our experience at Vanderbilt, bi- 
lateral total adrenalectomy was used in treatment of 
most cases of pituitary-dependent hypercortisolism.?? 
Elimination of the pituitary target organ, the adrenal 
cortex, was considered to be the most dependable 
means of effecting prompt regression of Cushing's syn- 
drome in these patients. The addisonian state that is 
produced as a substitute for Cushing's syndrome can 
be managed currently with considerable ease. More 
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recently, however, with the use of radioactive cobalt 
(9Co), the linear accelerator with its photon beam, 
and Bragg Peak proton beam therapy, pituitarv irradia- 
tion has been found to be increasingly satisfactory in 
controlling the less severe cases of Cushing's disease, 
and bilateral adrenalectomy has been reserved for the 
most severe cases and for those who fail to respond 
satisfactorily to pituitary irradiation. The adrenocorti- 
colytic drug Lysodren can be employed in patients 
who fail to respond to pituitary irradiation and are 
unsuitable candidates for adrenalectomy. 

In the group of 29 patients with Cushing's disease 
who came to bilateral total adrenalectonry, ages 
ranged from 16 to 67 with an average of 41 years. 
There were 22 females and 7 males. 

Fifteen patients had received preliminary ccurses of 
3.000 to 5,000 rads of pituitary irradiation without 
relief of hypercortisolism. Three of these wno were 
treated in the early part of this study had also been 
previously submitted to adrenal exploration and uni- 
lateral adrenalectomy as a means of confirming 
diagnosis of Cushing's disease and excluding adreno- 
cortical tumor. Another patient had been previously 
treated by partial hypophysectomy in additiom to pre- 
liminary pituitary irradiation with persistence cf hyper- 
cortisolism. Failure to control or cure hypercor- 
tisolism was the principal indication for bilateral 
total adrenalectomy in these 15 patients. 
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Fic. 1. Position of patient 
on operating table; bilateral 
incisions over 11th ribs. 


In the remaining 14 patients bilateral total adrenal- 
ectomy was chosen as the initial mode of treatment 
because severity of the patient's manifestations of 
hypercortisolism demanded prompt control. In some of 
these patients, a brief course of pharmacologic sup- 
pressive therapy with Lysodren and/or Metyrapone 
was used in preparation for operation. > 


Operative Technique 


In the early part of this series a transabdominal 
approach to the adrenal gland was used in most pa- 
tients with Cushing’s syndrome.” As preoperative 
endocrinologic and radiologic diagnostic methods have 
improved and differentiation between benign and 
malignant causes of hypercortisolism has become 
more accurate prior to operation, we have preferred 
to restrict the transabdominal approach to poten- 
tially malignant tumors. 

The posterior approach to the adrenal through the 
bed of the resected eleventh rib provides good ex- 
posure of the hyperplastic gland in obese patients 
with Cushing’s disease. Bilateral simultaneous inci- 
sions and a two team approach expedite the proce- 
dure, and we believe there is less postoperative 
morbidity than with the transabdominal or thoraco- 
abdominal approach. 

Figures 1-5 illustrate the prone positioning of the 
patient on the operating table together with the several 
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Fic. 2. Operating surgeon's 
view of incision over left 
llth rib; latissimus dorsi 
divided near its origin from 
lumbodorsal aponeurosis. 


steps in the operative exposure of the adrenal through 
the bed of the resected eleventh rib. We prefer to 
use a transpleural rather than an extrapleural, trans- 
diaphragmatic approach to the adrenal. After Gerota's 
fascia is opened, retraction of the upper pole of the 
kidney downward facilitates the exposure and dissec- 
tion of the adrenal and its vascular supply. Gentle, 
atraumatic technique is mandatory so as to avoid 
rupture of the friable hyperplastic gland and hemor- 
rhage into the peri-adrenal fat which might interfere 
with complete excision of the adrenal. 

After the gland is removed, hemostasis is carefully 
secured. A thoracotomy tube is brought out through a 
stab wound for postoperative water-sealed drainage of 
the pleural cavity. The diaphragm is closed securely 
with interrupted non-absorbable sutures and the re- 
mainder of each wound closed in anatomic layers with 
chromic catgut sutures. 


Results 


Total adrenalectomy was carried out with survival 
of 28 of the 29 patients. 

Early in this series one patient died in the post- 
operative period with shock which proved refractory to 
vigorous steroid therapy. Autopsy showed massive 
retroperitoneal bleeding to be the cause of death 
(Table 3). 








Fic. 3. Subperiosteal resection of 11th rib is done bilaterally. 
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Fic. 5. Downward displacement of kidney facilitates exposure and 
dissection of adrenal gland. 
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Fic. 4. Pleura is opened, 
diaphragm and Gerota’s 
fascia are divided. 


Another near fatal operative complication occurred 
in the first patient in this series when a laceration 
of the vena cava during removal of the right adrenal 
caused massive hemorrhage. Fortunately the patient 
made a good recovery following repair of the vena 
cava and massive blood replacement. 

As indicated in Table 4, ten other patients sus- 
tained non-fatal complications of varying severity 
from which each patient recovered fully with appro- 
priate treatment: the 6 patients with staphylococcus 
aureus wound infection responded to open drainage 
of the superficial layers of the involved wound with 
systemic antibiotic coverage; the patient with pul- 
monary embolism was heparinized for 12 days and 
discharged on Coumadin® for long-range anticoagula- 
tion; the patient with renal failure regained satis- 
factory function after a brief period of dialysis; the 
patient with persistent pleural effusion required several 
aspirations and the patient with postoperative chole- 
cystitis recovered after cholecystectomy. 

Seventeen of these patients enjoyed a smooth post- 
operative convalescence with no complications 
whatsoever. 

During adrenalectomy and in the early postopera- 
tive period, full steroid substitution therapy with hy- 
drocortisone or its equivalent was used. Most fre- 
quently hydrocortisone (cortisol) in doses of 100 mg 
was given intravenously prior to induction of anes- 
thesia, immediately after excision of the adrenal glands 
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and every 6 to 8 hours thereafter for the next 24 
hours. Relatively rapid graduated reduction in cortisol 
dosage to maintenance requirements was usually car- 
ried out over the next five to 7 days while pro- 
viding a daily salt intake equivalent at least to one 
liter of normal saline daily. Monitoring of plasma 
and urinary concentrations of Na+, K+ and Cl- 
has been helpful during the recovery period. Oral 
maintenance consists of hydrocortisone 25 to 30 mg 
daily (or equivalent) plus the synthetic mineralo- 
corticoid Florinef® 0.1 mg daily. 

After discharge from the hospital each of these 
patients has been followed when possible by our 
surgical and endocrine clinics, as well as by the 
referring physician. Current status of all survivors is 
detailed in Table 2 and summarized in Table 5. 
One 63 year old patient (E. H.) who had moderately 
severe coronary heart disease was seemingly cured of 
Cushing's disease by total adrenalectomy but died 
suddently at home three months after the operation. 
Another patient also seemingly cured of Cushing’s dis- 
ease was operated on only one month ago. 

The 26 other patients who are survivors of total 
adrenalectomy have been followed from 6 months to 
20 years since the operative procedure. Twenty four 
of these patients sustained clinical and endocrinologic 
cures of Cushing’s disease with no evidence of recur- 
rence of the symptoms or stigmata of hypercortisolism 
during the period of follow-up. Three of this group of 
patients with cures of hypercortisolism died 11, 12 
and 15 years respectively after adrenalectomy: two 
with strokes and one with metastatic breast cancer. 
A fourth patient in this cured group developed the 
ewell documented changes of Nelson's syndrome.’ 
The symptoms and signs of cutaneous pigmentation 
and expanding pituitary tumor were manifested in the 
second year after adrenalectomy and responded satis- 
factorily to pituitary irradiation. However, this patient 
was killed in an automobile accident two and one half 
years after the operation. 

Twenty other patients in the cured group are cur- 
rently alive and well. The clinical manifestations of 
Cushing's disease have largely disappeared with res- 
toration of the patient's normal physical appearance 
and habitus, relief of diabetes and hypertension when 
present, improvement in strength and muscle mass and 
notable loss of excess body fat. 

Periodic measurement of plasma cortisol levels, 
physical examination and skull films during the 
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Number of patients 29% 
Postoperative death 1% 
Operative mortality rate 3.4% 
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TABLE 4. Total Adrenalectomy for Cushing's Disease 
Non-Fatal Complications (N = 28) 


Wound infection (staph) 6 
Laceration of vena cava l 
Pulmonary embolus l 
Renal failure | 
Pleural effusion l 
Acute cholecystitis l 

Total 11 


period of follow-up have shown no incidence of 
recurrence of hypercortisolism or suggestion of Nel- 
son's syndrome. 

In two of the 28 patients with Cushing's disease 
who survived total adrenalectomy, the operative pro- 
cedure was ineffective in relieving hypercortisolism. 
Catastrophic bleeding from laceration of the vena cava 
in patient R. J. described above made it impossible 
to remove all adrenal glandular tissue. Pituitary irradia- 
tion was subsequently used in an effort to relieve per- 
sistent manifestations of hypercortisolism. When this 
faled, hypophysectomy was successfully employed. 
For the past 18 years her clinical course has 
been very satisfactory on substitution therapy for 
hypopituitarism. 

The other patient (W. S.) who sustained a poor 
result from adrenalectomy had initially considerable 
relief of the stigmata of Cushing's disease but re- 
current hypercortisolism developed several years after 
adrenalectomy. She received Bragg Peak proton beam 
therapy to the pituitary 6 years after adrenalectomy. 
She has had a good response to this treatment and 
no evidence of hypercortisolism during the past year. 


Comment 


This retrospective review of the surgical experience 
with Cushing's disease at Vanderbilt University 
Hospital has re-emphasized the fact that this disease 
is a hazardous, potentially lethal disorder. In the 24 
years covered by this study increasing accuracy has 
evolved in diagnostic recognition of hypercortisolism 
and in the differentiation of the underlying etiology. 

Ideal objectives in treatment of Cushing's syndrome 
have been previously outlined by Orth and Liddle.? 


TABLE 5. Total Adrenalectomy for Cushing's Disease 
Follow-up Results (N — 28) 


Death within 3 months 
Recent operation 
Followed 6 months to 20 years 
Cushing's disease cured 
Nelson's syndrome 
Cushing's disease not cured 
Subsequent therapy used: 
Pituitary irradiation then hypophysectomy 
Bragg peak proton beam therapy 
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In brief they include: 1) removal of any functional 
tumor which threatens health; 2) reduction o^ exces- 
sive cortisol secretion to normal; 3) preservation of 
normal pituitary and adrenal function; 4) avoidance 
of permanent dependence on hormonal substitution 
therapy. 

All of these objectives may be achieved when 
Cushing's syndrome is cured by successful surgical 
removal of a localized, non-invasive, unilateral tumor 
of the adrenal cortex, or in the very rare irstances 
when the hypercortisolism can be cured by removal 
of an extra-endocrine ACTH-producing tumor which 
has similar favorable characteristics. 

In the pituitary-dependent hypercortisolism of Cush- 
ing's disease Hardy? has recently demonstrated in 
several cases that these ideal objectives can also be 
achieved by successful identification and removal of 
ACTH-secreting microadenomas of the hypophysis. 
Hardy's observations and accomplishments represent 
an exciting new validation of Harvey Cushing's origi- 
nal ideas about the pituitary's role in the disease 
that he described. Obviously many questions remain 
to be answered concerning the frequency and localiza- 
tion of microadenomas in pituitary-dependent hyper- 
cortisolism as well as the frequency with which it is 
feasible to remove them. 

Bilateral total adrenalectomy is quite effective in 
eliminating the target organs and hypercortiselism in 
Cushing's disease, but the permanent addisonian state 
created by the operation falls far short cf ideal 
objectives. As previously stated it has been our policy 
in the last 20 years to reserve bilateral total adrenal- 
ectomy in Cushing's disease for those patierts with 
the most severe manifestations of hypercorsolism 
and those who failed to respond to pituitary irradiation. 

In the present series of 29 patients who were sub- 
mitted to operation 14 were considered to have the 
severe manifestations of hypercortisolism, either singly 
or in combination, which demand the prompt, al- 
though drastic, relief provided by bilateral total 
adrenalectomy. These indications include hyperten- 
sion resistant to medical management, increasingly 
severe osteoporosis and psychosis. Fifteen other pa- 
tients were submitted to total adrenalectomy after 
pituitary irradiation failed to control hypercortisolism. 

In the entire Vanderbilt University Hospital series of 
patients with Cushing's disease, 81 have been treated 
by pituitary irradiation either here or in other hospitals. 
Their courses of treatment at Vanderbilt have averaged 
4500 rads to the pituitary. Prior to 1968 these pa- 
tients were treated by cobalt. Since that date they have 
been treated by the 6 mev accelerator. Approximately 
a third of the patients treated by pituitary irradiation 
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have sustained endocrinologic cure of hypercorti- 
solism. Another third have been improved to the extent 
that adrenalectomy has been deferred and the re- 
mainder have failed to respond satisfactorily. The re- 
cent more beneficial results of pituitary irradiation 
achieved by the photon beam of the 6 mev linear ac- 
celerator have encouraged us to continue the policy in 
management of patients with Cushing’s disease which 
is outlined above. 


Summary 


During the period 1952 to 1976 at Vanderbilt Uni- 
versity Hospital 119 patients with pituitary-dependent 
hypercortisolism or Cushing’s disease were studied. 
The less severe cases, which constitute a majority, 
were treated by pituitary irradiation with endocrino- 
logic cure or improvement in two-thirds of the treated 
patients. Bilateral total adrenalectomy was reserved 
for the most severe cases and for failures of pituitary 
irradiation. In 29 patients with total bilateral adrenalec- 
tomy there was one postoperative death. Two of 28 
survivors had incomplete relief of hypercortisolism 
and required additional therapy for its control. One 
patient with recent operation is improved and another 
with early improvement died suddenly at home three 
months after operation. The 24 other adrenalectomized 
patients, followed 6 months to 20 years, were con- 
sidered endocrinologic cures of Cushing’s disease. 
One patient in the group who had not received pituitary 
irradiation developed signs of expanding pituitary 
tumor after adrenalectomy (Nelson’s syndrome) with 
satisfactory response to radiation therapy. 
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DISCUSSION 


DR. FRANK GLENN (New York, New York): Dr. Scott and his 
co-workers are to be congratulated on an excellent and informative 
presentation. In 1971 we reported before this Association a series of 
40 patients upon whom we did total adrenalectomies for Cushing's 
disease. Since then we have done approximately 15 more. Dr. Scott's 
policy in the management of these patients is of great interest to 
us at Cornel! — suffice it to say that we continue to be well satisfied 
with the results from total adrenalectomy, both as to morbidity of 
surgical complications and long time follow-up results. I am perhaps 
influenced by a patient that I helped care for as an assistant resident 
in surgery in 1930 at the Peter Bent Brigham Hospital. I had an 
opportunity to participate in the study of Dr. Earl Fanning, a dentist 
with pituitary basophilism, who is known in Dr. Cushing's series 
as Case 11 P.B.B.H. 37076. Dr. Fanning was 30 years of age and at 
the time of admission his principal complaints were painful obesity, 
loss of strength, irritability, polyuria and polyphagia. His weakness 
began with his other symptoms and persisted until he was bedfast. 
In 1930 he was hospitalized at the Peter Bent Brigham Hospital, 
where he presented what Dr. Cushing felt was a typical example of 
basophil hyperpituitarism. After detailed observations over several 
weeks, he was treated by x-ray therapy to the pituitary. The im- 
provement was spectacular. One year later the changes are indicated 
by the following photographs showing complete loss of facial adi- 
posity and plethora. (Slide) 

On a recent inquiry to Dr. Louise Eisenhardt, who was then an 
associate of Dr. Cushing, I received an account of the subsequent 
course of events. 

Earl Fanning. the dentist with pituitary basophilism, had moder- 
ate symptomatic improvement after x-ray therapy following his 
discharge from the Brigham Hospital in 1930. For four years he had 
*passed several "kidney stones". In December 1934, Dr. Cushing 
asked him to come to New Haven for re-study. He was given x-ray 
radiation of the pituitary (four treatments), and although there was 
no striking change, he was discharged on December 15, 1934 im- 
proved, and also still sugar-free. After that, he had good days and 
bad days, but on February 21, 1935, he died suddenly from a spon- 
taneous intrapontine hemorrhage, and a postmortem examination 
was made on March 6, 1935. 

The pituitary body weighed 1.26 gm (normal 700 mgm), and 
microscopical sections of the pituitary showed a large basophilic 
adenoma, and the basophilic cells in the anterior lobe showed hyalini- 
zation (Crooke change) characteristic of "pituitary basophilism.”’ 
The adenoma contained areas of hemorrhage which we thought 
might possibly have been the result of recent radiation and the 
patient's very marked hypertension. The other findings at necropsy 
were a slight degree of atherosclerosis, and there was marked osteo- 
porosis of the bodies of the vertebrae and the ribs. The adrenal 
glands were of normal size and contained no adenomas. 

I should like to ask Dr. Scott two questions: (1) How many patients 
have you observed who developed a tumor of the pituitary following 
total adrenalectomy? (2) Have you had any patients who following 
radiation of the pituitary have at operation or postmortem had tumors 
within the adrenal? 


Dr. WILLIAM H. REMINE (Rochester, Minnesota): First I would 
like to emphasize their point in the manuscript that the apparent 


CUSHING'S DISEASE 


353 


10. Pavlatos, F. C., Smilo, R. P. and Forsham, P. H.: A rapid 
screening test for Cushing's syndrome. JAMA 193:720, 1965. 

11. Scott, H. W., Jr., Foster, J. H., Rhamy, R. K., Klatte, E. and 
Liddle, G. W.: Surgical management of adrenocortical tumors 
with Cushing's syndrome. Ann. Surg. 173:892, 1971. 

12. Scott, H. W., Jr., Liddle, G. W., Harris, A. P. and Foster, J. H.: 
Diagnosis and Treatment of Cushing’s Syndrome. Ann. Surg. 
155:696, 1962. 


increase in the disease is probably due more to sophisticated diag- 
nostic methods and earlier diagnosis than it is to any increase in the 
actual incidence of the disease. 

Our incidence of bilateral hyperplasia and adrenocortical tumors 
is about the same as theirs, but that of the ectopic ACTH variant 
is slightly lower. 

It is true that the wound infection rate is higher among patients 
with Cushing's disease. This is well known, and has been for a long 
time. But it would appear that 21% is somewhat higher than might 
ordinarily be expected, and I think there is an apparent reason 
for this. 

Perhaps the main point of disagreement that we might have 
would be in the surgical approach during the course of the operation. 
We have gone full cycle now, and tried about every approach to the 
adrenals that can be made. We have come back to the anterior bi- 
lateral subcostal approach, for the following reasons: 

Cushing's disease patients have a higher than normal bacterial 
skin count, especially on the back. While the truncal obesity may 
appear ominous as one views it, it is soft and mushy, and is quite 
mobile. It can be moved around quite easily at the time of the surgi- 
cal procedure. Thirdly, the incision allows much better control of 
the vena cava to avoid serious difficulty, such as occurred in one of 
their patients. It allows for complete exploration of the abdomen and 
easy access to other organs, such as the gallbladder— as they had a 
case of an acute gallbladder attack during the postoperative period, 
which necessitated further surgery. Only one body cavity need be 
involved, in the event of complications, which makes it much 
easier to treat should they develop postoperatively. 

Their concept of preoperative pituitary radiation in patients with 
adrenal hyperplasia is a very intriguing one, and may have great 
merit. lIl be interested in following their results in the future. 

I would like to ask if there have been any radiation complications. 
I was concerned about the optic chiasm; and also if there has been 
any sustained hypopituitarism. 


DR. RoBERT M. MILES (Memphis, Tennessee): I can find little to 
disagree with, actually, but will comment on several aspects. 

We certainly think it's appropriate to categorize the treatment of 
this condition according to the severity of the disease. Not all these 
patients need total adrenalectomy. It's still a very major procedure, 
and despite sophisticated steroid replacement, many have unsatis- 
factory clinical courses for some time postoperatively. 

(Slide) Drug suppression in selected cases may be indicated. This 
girl was 15 years old, and this was about 20 years ago. We didn't 
want to do an adrenalectomy, because she was so young, and her 
disease was mild. We treated her with cortisone acetate, only 25 
mg a day, and achieved a nice suppression of the disease for two 
years. A local physician discontinued the medication, and the syn- 
drome recurred, at which time a subtotal adrenalectomy was per- 
formed. This is her appearance about 6 months postoperatively. 

In those days, many of us did subtotal adrenalectomies, thinking 
that the preservation of a little of the adrenal cortex would dis- 
courage the development of clinically significant tumors of the 
pituitary. It's since been proved that total adrenalectomy is better. 

With respect to the adrenocorticolytic drug, o-p-DDD, it may 
also be used for suppression, but I think we have to remember that 
it’s a derivative of DDT, and it may have certain toxic effects in 
the human. 
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The pituitary gland should certainly be considered in any thera- 
peutic plan, since microadenomata of the pituitary may represent the 
basic lesion, and these may become clinically man fest after 
adrenalectomy. 

(Slide) This lady was such a case. The photograph on the left shows 
her about 6 months after total adrenalectomy, and you can see pig- 
mentation already beginning to develop. She became intensely pig- 
mented, and since then has had three hypophysectomies, with re- 
currence after each, and she now has a cerebrospinal fistula. I cite this 
only to point out that, although it's nice to talk about :his trans- 
sphenoidal hypophysectomy, it's not an innocuous procedure, and 
may be accompanied by certain complications. 

Some of our endocrinologists routinely recommenc pituitary 
irradiation. after the removal of the adrenals, and some of our 
neurosurgeons are using microsurgical resection of the pituitary as 
primary therapy in these cases. I know of two that have been done, 
and they have done very well thus far. 

We too would recommend pituitary irradiation in the very mild 
cases, but one wonders what the long-term effect of this is going to be, 
and, when one considers a 40% failure rate, whether this is really 
the thing to do. 

(Slide) As far as the incision goes, we prefer this, the classic 
Young approach. That's pretty horrible looking, but works very 
satisfactorily. Formerly we used the transabdominal approach, 
but this is really easier, not only on the surgeon, but also on the 
patient, and we prefer it because it does not violate the pleural cavity 
or the diaphragm. 

The most hazardous area, of course. is dealing with the right 
adrenal vein as it enters the vena cava, and we feel, if :t is only a 
very short trunk, as it is in many cases, it should be suture ligated 
before it is severed. 

We have used the large metal clips, but a word of warning is in 
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order: Be sure the clip holder works properly, and the clip does not 
stick in it. If you clip it on the adrenal vein, and it sticks when 
you remove the clip holder, you may also remove some of the cava 
with it. 


DR. JOSEPH MULHERIN (Closing discussion): Dr. Glenn, as to 
your question of how long we follow the "improved" group, it 
takes approximately 6 months, as you know, for the effects of radia- 
tion to take place. and the patients in this group who are clinically 
improved, who continue to have borderline abnormal steroid values, 
have been followed for varying periods of time. At the onset of the 
recurrence of symptoms, these patients have been relegated to the 
bilateral adrenalectomy group. 

As to the operative approach, we continue to prefer the posterior 
approach. Dr. ReMine's comments about the high incidence of 
wound infection with the posterior approach we have not found 
to be true. 

We are somewhat at a loss to explain our high incidence of wound 
infections. However, the rate has been just as high with the anterior 
approach, which we used earlier in our experience. 

In regard to complications of radiation therapy, as mentioned in 
one of our slides, we had one occurrence of optic neuritis. There 
have been several (and we do not have the exact number) instances 
of post-radiation hypopituitarism. 

Dr. Miles mentioned microadenomata of the pituitary. (Slide) 
We have been very interested in the last several years in reports 
by Dr. Hardy from Montreal on his cures of Cushing s disease follow- 
ing transsphenoidal removal of pituitary microadenomas. We look 
forward in the next several years to his follow-up on this intriguing 
possibility for a future addition of a non-ablative method of con- 
trolling Cushing's disease. 
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There’s Not Another One Like It 
For Soft Tissue Specimens 


Now available from B-D is a biopsy needle that undistorted tissue sample before you withdraw the 
does more to reduce hemorrhage and other compli- needle. No coring. No tearing. Just a clean, 
cations than any other single-use needle on the simple biopsy. 

market today. It’s called the LEE Biopsy Needle. You owe it to yourself and your patients to try 

And it lets you collect multiple samples at varying the LEE Biopsy Needle from B-D. By combining 
depths with only one needle insertion. It takes the all of the advantages of cutting and aspiration 
largest possible sample size with the smallest pos- technique, the LEE Biopsy Needle offers the most 
sible needle puncture. It lets you make sure that comprehensive solution for reducing biopsy 

you aren’tin a blood.vessel before you begin to take complications. So now you can get all the safety 

a sample. And you can actually see a clean-cut, features of a lot of needles—in just one. 


For A Unique Combination of Safety Advantages 
The LEE Biopsy Needle 


BECTON-DICKINSON Division of Becton, Dickinson and Company, Rutherford, N.J. 07070 


Inner stylet p 
vents tissue c 
ing and “blind 
cutting of ves 
sels to reduce 
I5 chances of 
Clear needle hub E 3 = hemorrhage. 
aids in visual l í 
identification of 
sample without 
additional RH 
punctures. 1 i Three-part as- 
sembly allows 
multiple samples 
with only one 
puncture. i 
Notched inner 
needle holds 
tissue specimen 


Opaque outer 

hub with LUER-LOK 
connections 
permits aspira- 

tion and drug 
administration for 
less hemorrhage, 
discomfort and 
other complications. 


firmly; works 
against outer 
cannula with 
clean cutting 

action. 


Extra thin-wall 
6⁄2 G outer 
cannula permits 
argest sample 
with smallest 


. puncture size. 








AMICAR 


AMINOCAPROIC ACID 
INTRAVENOUS « TABLETS « SYRUP 


INDICATIONS: AMICAR has proved useful, in many instances, in the treat 
ment of excessive bleeding which results from systemic hyperfibrinolysis and 
urinary fibrinolysis. In life-threatening situations, fresh whole blood transfusions, 
fibrinogen infusions, and other emergency measures may be required 

Systemic hyperfibrinolysis, a pathological condition, may frequently be asso- 
ciated with surgica/ complications following heart surgery [with or without 
cardiac bypass procedures) and portacaval shunt; hemaro/ogical disorders such 
as aplastic anemia, abruptio placentae, hepatic cirrhosis, neoplastic disease 
such as carcinoma of the prostate, lung, stomach, and cervix 

Urinary fibrinolysis, usually a normal physiological phenomenon, may fre- 
quently be associated with life-threatening complications following severe trauma, 
anoxia, and shock. Symptomatic of such complications is surgical hematuria 
(following prostatectomy and nephrectomy) or non-surgical hematuria |accom- 
panying polycystic or neoplastic diseases of the genitourinary system) 
CONTRAINDICATIONS: AMICAR should not be used when there is evidence 
of an active intravascular clotting process. 

WARNINGS: Safe use of AMICAR has not been established with respect to 
adverse effects upon fetal development. Therefore, it should not be used in 
women of child-bearing potential and particularly during early pregnancy, un- 
less in the judgment of the physician the potential benefits outweigh the 
possible hazards 

PRECAUTIONS: AMICAR amnocaproic acid has a very specific action in 
that it inhibits both plasminogen activator substances and, to a lesser degree, 
plasmin activity. The drug should NOT be administered without a definite diag- 
nosis, and/or laboratory findings indicative of hyperfibrinolysis (hyperplasmi- 
nemia]* 

*Stefanini, M. and Dameshek, W.: The Hemorrhagic Disorders, Ed. 2, New 
York, Grune and Stratton, pp. 510-514, 1962 

The use of AMICAR should be accompanied by tests designed to determine 
the amount of fibrinolysis present. There are presently available (a) general 
tests, such as those for the determination of the lysis of a clot of blood or 
plasma and (b) more specific tests for the study of various phases of fibrinolytic 
mechanisms. These latter tests include both semiquantitative and quantitative 
technics for the determination of profibrinolysin, fibrinolysin, and antifibrinolysin 

Animal experiments indicate particular caution should be taken in adminis- 
tering AMICAR to patients with cardiac, hepatic or renal diseases 

Demonstrable animal pathology in some cases have shown endocardial hem- 
orrhages and myocardial fat degeneration. The use of this drug should thus be 
restricted to patients in whom the benefit hoped for would outweigh the hazard 
Physicians are cautioned in the use of this product because of animal data 
showing rat teratogenicity and kidney concretions 

Rapid intravenous administration of the drug should be avoided since this 
may induce hypotension, bradycardia and/or arrhythmia 

One case of cardiac and hepatic /esions observed in man has been reported 
The patient received 2 grams of aminocaproic acid every 6 hours for a total 
dose of 26 grams. Death was due to continued cerebral vascular hemorrhage 
Necrotic changes in the heart and liver were noted at autopsy 

If it i5 accepted that fibrinolysis is a normal process, potentially active at all 
times to ensure the fluidity of blood, then it must also be accepted that inhibi- 
tion of fibrinolysis by aminocaproic acid may result in clotting or thrombosis 
However, there is no definite evidence that administration of aminocaproic acid 
has been responsible for the few reported cases of /ntravascular clotting which 
followed this treatment. Rather, it appears that such intravascular clotting was 
most likely a result of the fibrinolytic disease being treated 

It has been postulated that extravascular clots formed in vivo with incorpo- 

rated aminocaproic acid may not undergo spontaneous lysis as do normal clots 
However, it is the consensus of experts that the few reported cases of extra- 
vascular clotting could have occurred in the absence of aminocaproic acid 
treatment. 
ADVERSE REACTIONS: Occasionally nausea, cramps, diarrhea, dizziness, 
tinnitus, malaise, conjunctival suffusion, nasal stuffiness, headache, and skin 
rash have been reported as results of the administration of aminocaproic acid 
Only rarely has it been necessary to discontinue or reduce medication because 
of one or more of these effects 

Thrombophlebitis, a possibility with all intravenous therapy, should be 
guarded against by strict attention to the proper insertion of the needle and the 
fixing of its position 
DOSAGE AND ADMINISTRATION: /W/7/AL THERAPY—An initial priming 
dose of 5 grams of AMICAR administered either orally or intravenously followed 
by 1 to 1% gram doses at hourly intervals thereafter should achieve and sus- 
tain plasma levels of 0.130 mg./ml. of the drug. This is the concentration ap- 
parently necessary for the inhibition of systemic hyperfibrinolysis. Administration 
of more than 30 grams in any 24-hour period is not recommended 
INTRAVENOUS: AMICAR aminocaproic acid intravenous is administered by 
infusion, utilizing the usual compatible intravenous vehicles (e.g. Sterile Water 
for Injection, physiologic saline, 5% dextrose or Ringer's Solution). RAPID 
INJECTION OF AMICAR INTRAVENOUS UNDILUTED INTO A VEIN IS NOT 
RECOMMENDED. 

For the treatment of acute bleeding syndromes due to elevated fibrinolytic 
activity, it is suggested that 16 to 20 cc. (4 to 5 grams) of AMICAR intravenous 
be administered by infusion during the first hour of treatment, followed by a 
continuing infusion at the rate of 4 cc. (1.0 gram) per hour This method of treat- 
ment would ordinarily be continued for about 8 hours or until the bleeding 
situation has been controlled 
ORAL THERAPY: |f the patient is able to take medication by mouth, an iden- 
tical dosage regimen may be followed by administering AMICAR Tablets or 
25% Syrup as follows: For the treatment of acute bleeding syndromes due to 
elevated fibrinolytic activity, it is suggested that 10 tablets (5 grams) or 4 tea- 
spoontuls of syrup (5 grams) of AMICAR be administered during the first hour 
of treatment, followed by a continuing rate of 2 tablets (1 gram] or 1 teaspoonful 
of syrup (1% grams) per hour. This method of treatment would ordinarily be 
continued for about 8 hours or until the bleeding situation has been ra 
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SECOND EDITION 
3 


Illustrated Preoperative 


and Postoperative Care 


By Philip Thorek, M.D., F.A.C.S., F.I.C.S 
Illustrated by Carl Linden 


Relving on the use of original illustrations cou- 
pled with succinct, on-target text, this second 
edition of Illustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek's 
rich personal experience. 


Practicalitv is the theme as Dr. Thorek covers 
evaluation of the surgical patient, the immediate 
post-op period, the recovery room, use of fluid 
and electrolvtes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cology, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
they pertain to the therapeutic value of various 


drugs. 


The beautiful illustrations support the text ad- 
mirably, and in many cases are fully explanatory 
in themselves. 


«<< 


. a useful reference source for neophyte or 
experienced surgeon alike."—Military Medicine 
“. . . invaluable to any student, surgeon, resident, 
iem or clerk, who ever intends to do surgery 
of any type.” —International Surgery. 

147 Pages * 79 Illus. * 2nd Edition, 1973 * 
$10.25 
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Editors-in-chief: W. Brendel 
and K. Messmer (Munich) 


European Surgical Research ap- 
pears bimonthly. 1 annual volume 
has 6 issues of 80 pages each. Sub- 
scription price in 1977 per volume 
SFr. 176.—/DM194.—/US $ 74.00, 
including postage. Personal sub- 
scriptions will benefit from a 20% 
reduction. The order must be 
marked private subscription. 


If you are a member of the ‘Euro- 
pean Society for Experimental 
Surgery’ and/or the ‘European 
Surgical Research Society’, you can 
make substantial savings by sub- 
scribing to this journal at a dis- 
count of 30%! The annual sub- 
scription rate will be SFr. 123.20 / 
DM 135.80 / US $ 51.80, includ- 
ing postage. 


© Karger 


Basel - München - Paris 
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Sydney 


European Surgical Research 


$ European Surgical Research: the ‘informer 
e for surgical researchers who would 


> like to follow a world’s worth of progress. 


, 





Clinical and Experimental Surgery 


The editorial policies of European Surgical Research 
follow two important aims. Given the demands of this 
rapidly expanding field, prompt publication is essential, 
and special efforts are made to ensure that research news 
is quickly made accessible to the scientific community. 
Comprehensive coverage is equally vital, and European 
Surgical Research has extended its range to include both 
findings taken from animal experimentation and the 
clinical application of these findings. Such clinical applica- 
tions are particularly important given their major con- 
tribution to work in such fields as cardiovascular surgery, 
transplantation, gastroenterology, and bone-healing. The 
journal's editorial board has also been expanded and now 
comprises a roster of European experts in the areas of 
clinical and experimental surgery. If surgical research is 
your professional concern, this journal can be your most 
influential connection, putting you in touch with the 
progress of European surgery. 

Having European Surgical Research on hand is a ‘must’ 
for anyone engaged in the exciting field of surgerv. If 
you're interested, just fill out the subscription form, clear 
out a spot in your bookshelf, and set yourself up for 
some first-rate reading. 


Yes, please enter ______ subscription(s) to 
European Surgical Research, Vol. 9, 1977 


C) Please send me a sample copy for review. 


| am a member of the following societies: 
O European Society for Experimental Surgery 


O European Surgical Research Society 
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Quick Reference To 
Surgical Emergencies 


Edited by Gerald W. Shaftan, M.D. 
and Bernard Gardner, M.D. 


[his handy manual, packed with clinical data 
in easy-to-use outline form, is designed for in- 
stant use in helping you evaluate the surgical 
emergency, make the diagnosis and carry out 
the indicated treatment. 

Divided into two broad categories of trau- 
matic and non-traumatic surgical emergemcies 
the book systematically covers: Techniques of 
evaluating the patient and applying diagnostic 


criteria... Radiologic procedures that are 
necessary... Anesthesia considerations. . 


Fluid and electrolyte replacement. 

The patient evaluating techniques, diagnostic 

steps and surgical treatment are presemted 

step-by-step with each individual entry num- 

bered for simplicity. 

Subject matter includes emergencies occurring 

in the areas of general, orthopaedic, neuro- 

logic, ophthalmic, thoracic, plastic, urologic, 

head and neck, and pediatric surgery. 

All who are involved in surgical emergency 

treatment will appreciate this easy-to-use, 

time-saving manual. 

664 Pages e 50 Illustrations e 1974 
Flexible Binding e $23.75 





DEXON ' polyglycolic acid suture 
Complete Product Information 


DESCRIPTION DEXON polyglycolic acid 
Suture, Synthetic, Absorbable, USP is a homo- 
polymer of glycolic acid. The sutures are sterile, 
inert, noncollagenous, nonantigenic, nonpyro- 
genic, flexible, and braided. They are colored 
green to enhance visibility in tissue and are also 
available undyed, with a natural beige color. They 
are uniform in size and tensile strength, but are 
smaller in diameter than other Absorbable Surgical 
Sutures of equivalent tensile strength. 


ACTIONS When DEXON is placed in tissues a 
minimal tissue reaction occurs, which is followed 
by a microscopic layer of fibrous connective 
tissue which grows into the suture material. 


Animal studies (subcutaneous tissue in rats, rab- 
bits, and dogs) revealed minimal absorption at 7 
to 15 days, significant absorption at 30 days, and 
maximum resorption at 60 to 90 days: 


Tensile strength, not being a function of the ab- 
sorption rate, may vary from tissue to tissue, de- 
pending in part on the rate of hydrolysis. The 
early tensile strength of DEXON is reported to be 
greater than that of comparable chromic catgut. 
[n animal studies (subcutaneous tissue in rats) it 
has been shown that at two weeks post- 
implantation approximately 55% of the original 
tensile strength of DEXON remains, while at 
three weeks approximately 20% of its original 
strength is retained. 


INDICATIONS DEXON sutures are indicated 
whenever absorbable sutures and ligatures are 
employed. 

CONTRAINDICATIONS DEXON is contra- 
indicated where extended approximation of 
tissues under strain must be maintained. 


WARNINGS The safe use of this suture in car- 
diovascular and neural surgery has not been 


established. 


Under certain circumstances, notably ortho- 
pedic procedures, immobilization by external 
support may be employed at the discretion of 
the surgeon. 


Do not resterilize. Discard opened, unused 
sutures. 


PRECAUTIONS Acceptable surgical practice 
should be followed with respect to drainage and 
closure of infected wounds. 


Knots with DEXON polyglycolic acid Suture 
must be properly placed to be secure. Therefore, 
place first throw in precise position for final knot, 
using a double loop; tie second throw square us- 
ing horizontal tension; additional throws may be 
used as desired. 


Skin and conjunctival sutures which remain in 
place for periods of longer than seven days may 
cause localized topical irritation and the exposed 
portion of suture may be snipped off after ve to 
seven days as indicated. 


ADVERSE REACTIONS Those reactions that 
have been reported include tissue reaction or in- 
flammation, ibwots or granulation tissue, wound 
separation and bleeding, and accumulation of 
fluid around subcuticular stitches. 

DOSAGE AND ADMINISTRATION Use as 
required. 

HOW SUPPLIED DEXON sutures are available 
in sizes 2 through 7-0 dyed (green) and undyed 
(natural), supplied in a Meu of cut lengths or 
on ligating reels, non-needled or affixed to the 
various Davis & Geck ATRAUMATIC * needles 
in one and three dozen packages. REV.4/76 
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DAVIS+GECK 


American Cyanamid Company 
Pear River. N Y 10965 


DAVIS+GECK 


DEXON 


polyglycolic acid suture... 
the absorbable suture of choice. 





DEXON suture has 
virtually replaced catgut in 
many hospitals around the 
world. T here are good 
reasons why. DEXON elicits 
minimal tissue reaction. It 
absorbs more reliably than 
catgut, with complete 
absorption in 60 to 90 days. 
And it sustains its holding 
power until the wound has 


regained sufficient strength, 
thus greatly reducing the 
chance of wound dehiscence 
and incisional hernia. 
DEXON can be used satis- 
factorily in the presence of 
infection, too. It is approved 
for use in the urinary tract 
and meets all U.S.P. 
standards. DEXON suture is 
available in green or beige. 
In just six years DEXON 
suture has been used in 15 


DAVIS*GECK 


American Cyanamid Company 
Pearl River, N.Y 40965 


million procedures in over 
60 countries. And it has 
been documented in well 
over 185 published studies. 
DEXON...the absorbable 
suture acclaimed around the 
world for its uneventful 
healing and wound security. 


In your patients... 
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the benefits 
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Dy mg: in 

2-ml. ampoules 
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tobramycin. 


tobramycin sulfate 

















treating 
peritonitis 


In patients with peritonitis in whom you 
suspect septicemia and the gram-negative 
organism isolated from blood is likely to be 
susceptible to tobramycin in your hospital 
setting...you may start therapy with Nebcin 
before you receive results of susceptibility 
studies? In this situation, Nebcin may be 
a great help to you and gain valuable time 
for your patient. 

In proper indications and recommended 
dosages, the general effectiveness of Nebcin is 
well-known. Experience its benefits in treating 
your patients who have peritonitis caused 
by susceptible strains of the indicated gram- 
negative organisms 


*Due to indicated susceptible organisms. e cin 


* The decision to continue therapy with Nebcin should be tobramycin T 


bi ace on the ma susceptibility Ta E severity for serious gram- negative 
of the infection, and the important additional concepts infections in your hospital 


discussed in the Warnings box on the next page. 
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Nebcin 


tobramycin sulfate 


Summary of Prescribing Information 





WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inher 
ent potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impar- 
ment may develop if patients have preexisting renal damage and if Nebcin 
is administered for longer periods or in higher doses than those 
recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but 
who develop signs of renal dysfunction during therapy. Such impairment 
may be characterized by cylindruria, oliguria, proteinuria, or evidence of 
nitrogen retention (increasing BUN, NPN, or creatinine). Evidence of 
impairment in renal, vestibular, or auditory function requires discontinua 
tion of the drug or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hem: 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and 
prolonged concentrations above 12 mcg. / ml. should be avoided. Urine 
should be examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicia, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 








diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy— Safety of this product for use during pregnancy 


has not been established. | 











Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglyccside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin injec: 
tionisa clearand colorless sterile aqueous solution for parenteral administra: 
tion. Itis stable and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole- negative ), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staohy: 
lococci, including Staphylococcus aureus (coagulase-positive and 
coagulase-negative). 

Nebcin is indicated in the treatment of septicemia: central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infec- 
tions; gastrointestinal infections, including peritonitis; and serious skin, bore, 
and soft-tissue infections, including burns, caused by the susceptible organisms 
listed above. Clinical studies have shown Nebcin also to be effective in serious 
complicated and recurrent urinary tract infections due to these organisms. 
Aminoglycosides, including Nebcin, are not indicated in uncomplicated initial 
episodes of urinary tract infections unless the causative organisms are not 
susceptible to antibiotics having less potential toxicity. Nebcin may be consicered 
in serious staphylococcal infections when penicillin or other potentially less toxic 
drugs are contraindicated and when bacterial susceptibility testing and clini-al 
judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate 
and identify etiologic organisms and to test their susceptibility to tobramycin. If 
susceptibility tests show that the causative organisms are resistant to tobramy: 
cin, other appropriate therapy should be instituted. In patients in whom gram. 
negative septicemia, neonatal sepsis, or meningitis is suspected, including Mose 
in whom concurrent therapy with a penicillin or cephalosporin and an aminogly- 
coside may be indicated, treatment with Nebcin may be initiated before the 
results of susceptibility studies are obtained. The decision to continue therapy 
with Nebcin should be based on the results of susceptibility studies, the 
severity of the infection, and the important additional concepts discussed ir the 
WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in ats 
receiving very high doses of tobramycin (40 mg./Kg.). The possibility that 
prolonged or secondary apnea may occur should be considered if tobramycin is 
administered to anesthetized patients who are also receiving neuromuscula: 
blocking agents, such as succinylcholine or tubocurarine 


Cross-allergenicity among aminoglycosides has been demonstrated. e 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 

Adverse Reactions: Nephrotoxicity— Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased 
proteinuria, have been reported, especially in patients with a history of renal 
impairment who are treated for longer periods or with higher doses than those 
recommended. 

Neurotoxicity—Adverse effects on both the vestibular and auditory branches 
of the eighth nerve have been noted, especially in patients receiving high doses or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the 
ears, and hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than 
those recommended. 

Other reported adverse reactions possibly related to Nebcin include increased 
serum transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, 
granulocytopenia, and thrombocytopenia; and fever, rash, itching, urticaria, 
nausea, vomiting, headache, and lethargy. 

Suggested Dosage Guides—I.M./I.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg./Kg./day administered in three equal doses every eight hours. In life- 

threatening situations, the dosage may be increased up to 5 mg./Kg./day 

administered in three or four equal doses. This dosage should be reduced to 

3 mg./Kg./day as soon asclinically indicated. (Refer to Table 1 for 

dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 

Up to 4 mg. /Kg./ day may be given in two equal doses every twelve hours. 
Dosage guidelines for adult or pediatric patients with reduced renal function— 

After a loading dose of 1 mg./Kg., subsequent dosage must be adjusted either 

with reduced doses at eight-hour intervals or with normal doses at prolonged 

intervals. To determine the reduced dose at eight-hour intervals, see the conven- 
ient nomogram in the package literature.* Tocalculate normal dosage at 
prolonged intervals (if the creatinine clearance rate Is not available and the 
patient's condition is stable), the following formula may be used: 

l mg./Kg.q.(6 x serum creatinine) h. 

Neither regimen should be used when dialysis is being performed. 

I. V. Administration — The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. 
The diluted solution usually should be infused over a period of twenty to sixty 
minutes. 


*An alternate rough guide for determining reduced dosage at eight hour intervals (for patients 
whose steady state serum creatinine values are known) is to divide the normally recommended 
dose by the patient's serum creatinine 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 






















Usual Dose for | Maximum Dose for Life- 

Serious Infections Threatening Infections 
For Patient (Reduce as soon as possible) 

Weighing 1 mg./Kg.q.8h. 1.66 mg./Kg.q.8h. 
Kg. Lb. (Total, 3 mg./Kg./day) (Total, 5 mg./Kg./day) 
mg./dose ml./dose* mg./dose ml./dose* 
q. 8h. q. 8h. 

120 264 120 mg. 3 mi. 200 mg. 5S "i 
115 253 115 mg. 2.9 ml. 191 mg. 4.75ml 
110 242 110 mg. 2.75 ml. 183 mg. 4.5 ml 
105. 231 105 mg. 2.6 ml. 175 mg. 4.4 ml 
100 220 100 mg. 2.5 mi 166 mg. 4.2 ml. 
95 209 95 mg. 2.4 ml 158 mg. 4 ml 
90 198 90 mg. 2.25ml 150 mg. 3.75 ml 
85 187 85 mg. 2.1 ml. 141 mg. 3.5 ml 
80 176 80 mg. 2 ml 133 mg. 3.3 ml 
75 165 75 mg. 1.9 ml. 125 mg. 3.1 ml 
70 154 70 mg. 1.75 ml. 116 mg. 2.9 ml 
65 143 65 mg. 1.6 ml. 108 mg. 2.7 ml 
60 132 60 mg. 1.5 qmi. 100 mg. 2.5 ml 
55 121 55 mg. 1.4 ml. 9] mg. 2.25ml 
50 110 50 mg. 1.25 ml. 83 mg. 2.1 ml 
45 99 45 mg. 1.1 ml. 75 mg. 1.9 ml 
40 88 40 mg. ] ml 66 mg. 1.6 ml 




















+ Applicable to all product forms except Nebcin. Pediatric. Injection (see How Supplied). 


How Supplied: Ampoules Nebcin® (tobramycin sulfate, Lilly) Injection, 80 mg. 
(equivalent to tobramycin) per 2 ml., 2 ml., rubber-stoppered. 

Ampoules Nebcin, Pediatric, Injection, 20 mg. (equivalent to tobramycin) per 2 
ml., 2 ml., rubber-stoppered. 

Hyporets ® (disposable syringes, Lilly) Nebcin Injection, 60 mg. (equivalent to 
tobramycin) per 1.5 ml., 1.5 ml., and 80 mg. (equivalent to tobramycin) per 2 
ml., 2 ml., in packages of 24. 

Each ml. also contains 5 mg. phenolas a preservative, 3.2 mg. sodium bisul- 
fite, 0.1 mg. edetate disodium, and water for injection, q.s. Sulfuric acid and/or 
sodium hydroxide may have been added to adjust the pH. [0304768] 


Lilly 


700152 


Additional information available 
to the profession on request. 


Eli Lilly and Company 
Indianapolis, Indiana 46206 


Dynafrost” 


AND SOME COLD, HARD 
FACTS CONCERNING 
CRYOSURGERY 

ON AN 


AMBULATORY BASIS. 


Today, more and more evidence points to the successful treatment of 
hemorrhoids with cryosurgery as an office procedure. Post-operative pain 
and prolonged discomfort are substantially reduced and even eliminated. 
Special diets are no longer necessary. Local anesthesia only, is required. 
Earlier resumption of normal activity is typically achieved. (The successful 
cryosurgical treatment of fissures, fistulas, condylomas, abscesses, 
pilonidal cysts and small adenomatous polyps, has also been extensively 
reported.) 











Now Dynatech has developed a simpler, yet more advanced instrument that 
makes in-office cryosurgery even easier and at a price you can afford. This 
revolutionary new DYNAFROST features a lightweight, high-visibility probe 
with one hand, finger-tip control. A selection of interchangeable tips for a 
wide variety of procedures is available. 


The quality-constructed, professionally-styled DYNAFROST is priced at 
$595 with a tip of your choice. Surely a worthwhile investment for every 
surgeon's office. To get complete information, including pertinent reprints, 
or to arrange a demonstration, write or phone today. 


DYNATECH CRYOMEDICAL COMPANY 


90 CAMBRIDGE STREET, BURLINGTON, MASSACHUSETTS, U.S.A. 01803 TEL: (617) 272-6050 TELEX: 94-9461 
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e . Postoperative surgical infections 
ss Recent advances in surgical technique have been so remark- 
able that now total joints can be replaced with prosthetic 
UAE. devices. But the introduction of foreign materials — 
E —- protheses, pins, nails, screws —designed to replace damaged 
ee parts or facilitate healing, can often lead to infection. Common- 
aes: Pp, ly, the implicated organism will be a penicillinase-producing 
ordeum staph. Progression can be swift and devastating. 
Po ef at Initial antistaph therapy: injection 
e NI It's vitally important that effective treatment of bacterial inva- 
SISSE. sion begin as soon as possible. If you suspect the presence 


o AAT, | of staph and must begin therapy before definitive culture 
Se results are known, Injection Unipen® (nafcillin sodium)? is a 
MA EN particularly suitable agent. 

M AO Appropriate specimens for bacteriologic studies to determine 
n E UN the causative organisms and their susceptibility to nafcillin 
ber y ee should be taken prior to the first dose of antibiotic.t And. if 
SNC ER those studies subsequently implicate organisms other than 
Veg EMG penicillinase-producing staphylococci sensitive to nafcillin, 
* 252 cu discontinue it and administer the appropriate antibiotic. 

XD. qe ee Rapid penetration 

eT es y Unipen appears rapidly in plasma following intramuscular 
pos ELS administration. Penetrates body tissues in high concentra- 
Es E tion and diffuses well into pleural, pericardial and synovial 
E Gare fluids. 

Saha AN “On call” capability 

dide Heconstitutes in less than 60 seconds. Remains stable for 
Sp 24 hours t 

VACUAM Follow-up therapy: tablets 

ROSEN A Unipen is available in tablet form as well as parenteral. So the 
WeDy- Anjectable form can be used initially in severe infections. And 
icy < as soon as the clinical condition warrants, Unipen tablets 
k i allow you to continue antistaph therapy with the same anti- 
NT. biotic in a form more agreeable to most patients. 

2. i *Nafcillin-susceptible penicillinase-producing staphylococci. 

Pont +See Important Note on next page. 

e tSee important information under Parenteral Administration on next page 

j Do Wyeth Laboratories - Phiadeiphia, pa. 19101 
b 


See important information on next page. 
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Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicilli:ase- 
resistant penicillin-class antibiotics. Interpretations correlate ciam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
"susceptible" indicates that the infecting organism is likey to 
respond to therapy. A report of “resistant” indicates that the irfect- 
ing organism is not likely to respond to therapy. A report of ‘‘mter- 
mediate susceptibility" suggests that the organism woul. be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antiasiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37 :20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-prod: cing 
staphylococci, it may be used to initiate therapy in such patierts in 
whom a staphylococcal infection is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations o the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatmert be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylocacci. 
If the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sens tive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphyloceccal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitvity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resu ting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant tc all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same stain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a histor: of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penic llin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and o her 
allergens. If an allergic reaction occurs, appropriate therapy sheuld 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70° F.) 
during the time period stipulated: 


isotonic sodium chloride. ....... ore 24 hours 
5% dextrose in water... eee 24 hours 


5% dextrose in 0.4% 


sodium chloride solution...........0.00.00..00000020.. 24 hours 
HHIgDE S S0 UDIN. oxic cv ie te OPAC RR Spe ie vba 24 hours 
M/6 sodium lactate solution 

Au DEDI MEM aehan TERT TITTEN 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen* (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25? C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)— Supplied in vial sizes of 500 mg., 
] gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent ger m/. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES— containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION-— Bottle of dry nafcillin sodium as 
monohydrate— powder for reconstitution to provide 100 ml. of 
solution containing nafcillin sodium equivalent to 250 mg. nafcillin 
per 5 ml. 


WYETH LABORATORIES PHILADELPHIA, PA. 


Essential Fatty Acid Deficiency in Surgical Patients 


JAMES A. O'NEILL, JR., M.D., MICHAEL D. CALDWELL, M.D., H. C. MENG, M.D. 


Parenteral nutrition may protect patients unable to eat from 
malnutrition almost indefinitely. If fat is not also given EFAD 
will occur. This outlines a prospective study of 28 surgical 
patients on total intravenous fat-free nutrition to determine the 
developmental course of EFAD and the response to therapy. 
Twenty-eight patients ranging from newborn to 66 years re- 
ceiving parenteral nutrition without fat had regular determina- 
tions of the composition of total plasma fatty acids and the 
triene/tetraene ratio using gas liquid chromatography. Physical 
signs of EFAD were looked for also. Patients found to have 
evidence of EFAD were treated with 10% Intralipid”. 
Topical safflower oil was used in three infants. Total plasma 
fatty acid composition was restudied following therapy. In 
general, infants on fat-free intravenous nutrition developed 
biochemical EFAD within two weeks, but dermatitis took 
longer to become evident. Older individuals took over four 
weeks to develop a diagnostic triene/tetraene ratio (>0.4; 
range 0.4 to 3.75). Therapeutic correction of biochemical 
EFAD took 7 to 10 days but dermatitis took longer to correct. 
Cutaneous application of safflower oil alleviated the cutaneous 
manifestations but did not correct the triene/tetraene ratio 
of total plasma fatty acids. These studies indicate that surgical 
patients who are unable to eat for two to four weeks, depend- 
ing upon age and expected fat stores, should receive fat as a 
part of their intravenous regimen. 


I N 1967, DUDRICK AND ASSOCIATES developed a method 


of providing total parenteral nutrition capable of 


producing growth and development in an infant un- 
able to take enteral feedings.® Since that time. the 
method has been used extensively in all age groups 
and new information has come to light regarding 
nutritional needs in humans. Basic total parenteral 
nutrition provides glucose, amino acids, vitamins. 
trace minerals, electrolytes, and water. As time has 
progressed, a variety of problems have been en- 
countered involving excess, deficiency or imbalance of 
the various constituents. In the United States. total 
parenteral nutrition has not included fat as a routine. 
and another deficiency syndrome, essential fatty acid 
deficiency (EFAD), has been reported sporadically. 
The first report of EFAD was in 1929 when Burr and 
Burr produced a lethal disease state in rats fed a fat-free 
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diet characterized by scaly skin lesions, impaired 
growth, necrosis of the tail, and renal degeneration.? 
Further studies by these investigators pinpointed 
linoleic acid and perhaps other fatty acid deficiency 
as the cause of the disease state seen in their 
rats. Hansen and coworkers!® were among the first 
to indicate that the essential fatty acids, linoleic. 
linolenic and arachidonic acids, were possibly required 
by humans when they reported that three fourths of 
their patients with severe eczema and low levels of 
unsaturated serum lipids responded favorably to 
dietary supplements of corn oil or lard. 

Linoleic (18:2w6) and linolenic (18:3w3) acids are 
precursors of different families of fatty acids and are 
not interconvertible. Arachidonic (20:4w6) acid may be 
made from linoleic acid, except perhaps in premature 
infants, but is essential for a number of metabolic 
processes. If a deficiency in linoleic or linolenic 
acid exists, the predominant unsaturated fatty acids 
then become those which can be made endogenously, 
oleic (18:1w9) and palmitoleic (16:1w7) acids. These 
lead to the production of an abnormal amount of the 
fatty acid, 5,8,11-eicosatrienoic acid (20:3w9). Holman 
has demonstrated that the ratio of trienoic to tetraenoic 
acids may be used to describe the presence and degree 
of unsaturated fatty acid deficiency since this ratio 
reflects the status of essential fatty acids in plasma 
and also the status of intake." 

The relationship between fat-free, total, intravenous 
nutrition and EFAD was defined in 1970 and more 
specific descriptions subsequently given by Collins, 
Holman, Paulsrud, Caldwell and others.*9?:?-4 These 
reports suggested that the syndrome was characterized 
by desquamative dermatitis, hair loss, thrombocyto- 
penia, possibly poor wound healing and an abnormal 
plasma lipid pattern. The incidence and significance of 
this syndrome is still not fully known. This study 
was performed in order to determine the approximate 
length of time required for surgical patients receiving 
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fat-free nutrition to develop EFAD and also to deter- 
mine the effectiveness of intravenous fat emulsion in 
terms of correction of the deficiency state. 


Methods 


Surgical patients who were unable to tolerate 
enteral feedings and were expected to require total 
parenteral nutrition for longer than 14 days were 
selected for study. Informed consent was obtained 
from the patients or their parents in order to ootain 
small amounts of blood periodically and also for the 
intravenous administration of a 10% Soybean oil emul- 
sion (Intralipid®) to those patients who developed 
EFAD. 
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Fic. 2. Four of five children between the ages of three and 14 
years demonstrated biochemical deficiency within an average of 
four weeks. Administration of intravenous fat emulsion corrected 
elevations of the triene to tetraene ratio within 10 days. 
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Fic. 1. These curves repre- 
sent the sequential triene 
to tetraene ratios (20:3w9/ 
20:4w6) related to the time 
on fat-free intravenous nu- 
trition. The dotted line indi- 
cates the upper limit of nor- 
mal. Eight of the 9 infants 
under three months of age 
had ratios in excess of 0.4 
and this generally occurred 
within two weeks of fat-free 
therapy. The rapid de- 
creases in the ratio corre- 
ECCE ARE. — — — sponded to administration 
of intravenous fat emulsion 
and subsequent rises corre- 
sponded to discontinuance 
of fat. 
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Serial blood samples were drawn, usually on a 
weekly basis, from patients receiving total intravenous 
nutrition with 20 or 25% glucose, 2.8% amino acids, 
water and lipid soluble vitamins, and appropriate 
quantities of electrolytes. Either 800 or 900 calories 
per liter of solution were provided depending upon 
the specific preparation used. Blood samples were 
kept in ice and processed immediately. Total plasma 
lipids were extracted by the method of Folch, et al.’ 
The lipid extract was methylated by the method of 
Metcalfe and Schmitz for gas liquid chromatography 
of fatty acid composition using a Packard hydrogen 
flame ionization detector.'? The amount of each indi- 
vidual fatty acid was expressed as a per cent of total 
plasma fatty acids. Parallel analyses of standards were 
performed in order to confirm the accuracy of the 
scans and for identification of individual fatty acid 
peaks. The triene to tetraene ratio was calculated as 
the ratio of eicosatrienoic (20:3w9) to (20:4w6) ara- 
chidonic acids. 

All patients were examined daily for physical signs 
of scaly skin, eczema or hair loss, and also for the 
status of wound healing. Patients who were determined 
to be essential fatty acid deficient were given 10% Intra- 
lipid as a supplement to their intravenous nutrition 
constituting approximately 25% of calories admin- 
istered. Three patients were treated with topical saf- 
flower oil several times daily for over a week before 
any intravenous lipid was given. Serial lipid scans were 
performed during and following administration of 10 
per cent Intralipid®. 


Results 


Twenty-eight patients ranging in age from newborn 
to 66 years received total intravenous nutrition over a 
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range of 13 days to 7 months. After these intervals, 
these patients were able to tolerate small amounts 
of enteral feedings which included fat. The total 
group included nine infants under the age of three 
months, five children between the ages of three and 
14 years, and 14 older individuals from 18 to 66 years 
of age. All patients had been operated upon one or 
more times. The diagnoses in these patients included 
intestinal fistula, short bowel syndrome, necrotizing 
enterocolitis, persistent diarrhea, cystic fibrosis, gas- 
troschisis, malignancy, inflammatory bowel disease, 
intestinal obstruction, morbid obesity, and renal fail- 
ure with pancreatic fistula. 

The triene to tetraene ratios and levels of linoleic, 
arachidonic, and 5,8,11-eicosatrienoic acids in these 
patients are outlined in figures 1—6. Twenty patients 
developed biochemical evidence of EFAD and 17 of 
these 20 had clinical signs of scaly, thin skin and 
hair loss. (Fig. 7) No gross deficiencies in wound 
healing were noted which could be solely related to 
the biochemical deficiency state since so many other 
possible contributing causes existed in almost all of 
these patients. 

Eight of the 9 infants developed biochemical evi- 
dence of EFAD after receiving fat-free intravenous 
nutrition for 10 to 20 days with a mean of 13 days. 
The infant who did not develop a biochemical 
pattern of deficiency was three months of age and 
had good fat stores. He had not received any fat 
for 15 days but was still not deficient. Seven of the 
8 patients with triene to tetraene ratios in excess of 
0.4 had evidence of scaly skin and hair loss, but 
these clinical signs lagged behind the appearance of 


Fic. 3. Eight of 14 adults 
developed diagnostic triene 
to tetraene ratios within an 
average of 30 days although 
the range was ten to 58 
days. Response to the ad- 
ministration of intravenous 
fat took 7-10 days. 
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chemical findings by an average of 7 days. One of 
the 7 patients with a rash also had thrombocytopenia, 
but the latter finding may have been related to a low 
serum level of vitamin E. 

Four of the children in the three to 14 year age 
group developed biochemical evidence of deficiency 
after 20 to 35 days of no fat intake. Two of these 
patients already had clinical evidence of deficiency 
at the time they were first studied and both were 
severely nutritionally depleted at that time. Two others 
developed clinical signs after a lag period of 7 to 
10 days. The fifth child who had a minimal triene to 
tetraene ratio of 0.19 was probably developing the 
syndrome. She was a 14 year old with cystic fibrosis 
who had not had fat intake for 19 days. 

Eight of the 14 adult patients had biochemical con- 
firmation of EFAD after having no fat intake for 10 
to 58 days with an average of 30 days. Six of 
the eight had a scaly skin rash. The 6 patients 
who had not achieved a triene to tetraene ratio of 
0.4 had not had fat intake for 21, 25, 36, 30, 37, and 34 
days respectively. However, all of the latter 6 had grad- 
ually increasing ratios with borderline deficiency in 
four instances. (Figs. 1—3). 

The gas liquid chromatography scans demonstrated 
a pattern of abnormally low levels of linoleic acid in 
total plasma fatty acids in deficient individuals. The 
levels of arachidonic acid were also low but not in 
as marked a fashion. The most striking finding in 
patients with triene to tetraene ratios in excess of 
0.4 was the high levels of oleic, palmitoleic, and 
5,8,11-eicosatrienoic acids present in all. Palmitoleic 
and oleic acid composition generally rose five to 20% 
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respectively above the expected normal basa! per- 
centages of total plasma fatty acids. The abnormal 
eicosatrienoic acid was also evident in the plasma of 
patients whose ratios were less than 0.4 indicating that 
EFAD was developing in these patients. 

Correction of the triene to tetraene ratio with 
intravenous 10% Intralipid" or an adequate oral diet 
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Fic. 4. In this graph the 
linoleic acid percentage of 
total plasma fatty acids in 
essential fatty acid deficient 
patients is compared with 
those whose triene to tetra- 
ene ratio was below 0.4. 
These were the levels at the 
time of the patient's maxi- 
mum triene to tetraene ratio 
and the dotted area repre- 
sents the normal range. 
Linoleic acid levels fell 
rapidly, even prior to the 
time the triene to tetraene 
ratio indicated deficiency. 
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containing corn oil or fat usually took 7 to 10 days in 
all patients. It was an additional five to 7 days before 
gross clinical findings, especially hair loss, reversed 
themselves. Safflower oil applied in topical fashion 
every four hours in three infants for 10, 6, and 7 days 
respectively, failed to correct their abnormal triene to 
tetraene ratios. In fact, one of the infants had an 
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Fic. 5. No 20:3w9 is ordi- 
narily present in the plasma 
of normal individuals. Pa- 
tients with EFAD (solid 
bars) demonstrated high 
levels and some patients 
with triene to tetraene ra- 
tios less than 0.4 (hatched 
bars) had some 20:3w9 
present as an indication of 
borderline deficiency. 
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Fic. 6. Arachidonic acid 
may be made from linoleic 
acid. Despite low levels of 
linoleic acid, arachidonic 
acid levels appeared to be 
better maintained, most 
likely an indication of 
slower turnover. EFAD pa- 
tients tended to have lower 
levels of 20:4w6 than those 
who were not deficient, but 
borderline deficiency was 
evident in some. 
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increase in the ratio from 1.09 to 2.67 during the time fact, an early attempt to produce this deficiency state 
of topical therapy. Topical oil did alleviate the scaly in man was unsuccessful. It was not until it was 
skin rash as might be expected. possible to maintain humans unable to take any oral 


feedings with total intravenous nutrition that EFAD 


Discussion was noted as a clinical entity. Current methods of 


parenteral nutrition, for the most part, do not include 


Although EFAD was described as early as 1929, it fat since intravenous fat has not generally been avail- 
was never considered to be of clinical significance since able, especially in the United States. This is despite 
it had only been produced in laboratory animals. In the fact that adequate amounts of dietary fat, especially 


Fic. 7. Note the scaly skin 
rash on the arms and face 
of this infant who had an 
elevated triene to tetraene 
ratio. Hair loss was evident 
in older individuals before 
the rash became evident. 
Clinical signs such as these 
did not reverse for a week 
following apparent bio- 
chemical correction of 
EFAD. 
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triglyceride, have been considered to be essential for 
optimal growth and weight gain. 

It is well-documented that essential fatty acids are 
required by infants with characteristic skin changes 
being the most prominent feature of the deficiency 
state. However, the significance of the deficiency 
state in older individuals is not known. Our own 
experience and that of others would indicate thet all 
tissues share the deficiency and that it is not merely 
a biochemical curiosity. The skin changes not only 
involve desquamation but thinning, and the loss of lino- 
leic acid enhances the potential for increased evapora- 
tive water and heat loss. This, in turn, may con- 
tribute to increased metabolic rate. The tendency for 
hair to fall out is an early clinical sign in our ex- 
perience and may precede skin changes. Reports such 
as those by Caldwell and others suggest that EFAD 
may be associated with poor wound healing. and the 
prominence of pathologic skin changes supports these 
observations.’ However, it was not possible to deter- 
mine any such association in our patients because of 
so many other possible contributory factors such as 
severe weight loss, protein depletion and infection. 
The lipid-related aspects of brain development in the 
neonate are of theoretical concern although no cocu- 
mentation is available as yet in humans. Although 
renal degeneration was noted in the rats originally 
studied by Burr and Burr, this would not appear t0 be 
a factor in man? The studies of Wilmore indicated 
that red cell membranes shared in EFAD in burned 
adults. The inference of the latter studies is that 
red cell membrane function may be impaired since the 
red cell phospholipid changes mimic those seen in other 
disease states where red cell function is abnormal. 
However, more direct evidence is needed with respect 
to these specific red cell changes in EFAD. The liver 
is another tissue which appears to share the deficiency. 
Tashiro’ has recently published data in puppies on a 
fat-free diet demonstrating that EFAD is associated 
with fatty infiltration in the liver and elevated hepatic 
enzymes. Liver changes were seen in two of our 
infant patients who had far-advanced deficiency. 
Patients with EFAD may have thrombocytoperia or 
abnormal platelet function. Also with respect to plate- 
lets, and perhaps other tissues as well, arachidonic 
acid is essential for the production of prostaglardins. 
Preliminary studies from our laboratory indicate that 
platelet prostaglandin levels were low in an mfant 
with severe EFAD and that these changes were cor- 
rected with Intralipid®. Holman has summcerized 
numerous other considerations, but all these and 
most of the above-mentioned ones appear to relate to 
cell membrane changes and their physiological 
consequences.!' 

The biochemical patterns observed in the studies 
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reported here are similar to other patterns reported 
in patients with EFAD. Linoleic acid levels fell to 
low levels rapidly, in fact, so much so that this 
alone was not a good indication of EFAD. As Holman 
has pointed out, the triene to tetraene ratio was 
more useful as an indication of deficiency and a reflec- 
tion of intake.!! The ratio was in excess of 0.4 in 20 
of our 28 patients and most of the remainder were 
borderline-deficient. Linoleic acid levels fell first and 
then arachidonic acid, probably indicative of a slower 
turnover rate in the latter case. The percentage of 
oleic and palmetoleic acids rose and excessive 
amounts of the abnormal 5.8.1 l-eicosatrienocic acid, 
the fatty acid of deficiency, appeared. 

The studies reported here were designed to gather 
information about the chronology of EFAD in various 
age patients on total intravenous nutrition complete 
in every respect except for the absence of fat. Infants 
developed biochemical evidence of EFAD most 
rapidly, usually within two weeks. Friedman has shown 
that premature infants may become deficient under 
similar circumstances in half that time.* Older children 
behaved more like adults and developed a diagnostic 
triene to tetraene ratio within three to four weeks while 
the adult group took an average of four weeks. The 
timing was related to the preoperative nutritional state 
of the patient and the expected amount of available 
fat stores since adults who had previously undergone 
severe weight loss became deficient more rapidly. In 
all age groups, clinical signs lagged about a week 
behind demonstrable biochemical evidence of de- 
ficiency. These data indicate that patients receiving 
parenteral nutrition should receive some form of fat 
supplementation to supply at least linoleic acid if the. 
parenteral therapy is expected to be required for 
longer than the above-mentioned intervals in the 
various age groups. 

It was originally thought that transfusions of blood 
or fresh plasma might be sufficient to satisfy the re- 
quirements for essential fatty acids in patients on 
total parenteral nutrition, but the volumes required 
make this an impractical therapeutic consideration. If 
patients are able to tolerate small quantities of corn oil 
enterally, sufficient amounts may be absorbed to satisfy 
needs. However, in those who must be managed by 
total parenteral nutrition, intravenous fat emulsion is 
the most effective method of therapy. Intralipid® 
contains almost 50% linoleic acid. It has been esti- 
mated by Holman that 4% of the calories supplied in 
any complete nutritional regimen should be linoleic 
acid in order to prevent EFAD.” Tashiro has esti- 
mated that one half this amount may be sufficient 
under some circumstances. Our patients received 
25% of calories as fat with the additional considera- 
tion that fat is an excellent energy source. A com- 


= 


Vol. 185 e No. $ 


plete oral diet requires fat in addition to glucose, 
protein, vitamins and trace minerals so it seems rea- 
sonable to consider fat as part of any complete 
parenteral regimen. From the standpoint of pro- 
phylaxis or therapy of EFAD, however, there is prob- 
ably no advantage to giving more than four per cent 
of intravenous calories as linoleic acid. 

Reports by Press, Bohles, and Friedman indicate that 
cutaneous application of safflower oil, which is 60% 
linoleic acid, may be useful for the treatment of 
EFAD.'* Certainly the cutaneous manifestations 
of the deficiency are alleviated by this form of therapy 
and convincing changes in the unsaturated fatty acid 
composition of plasma phospholipid were seen by the 
above investigators. Our three patients treated with 
topical safflower oil were only treated from 6 to 10 days 
and did not correct their biochemical patterns. How- 
ever, our studies were of total plasma fatty acids and 
not of the phospholipid fraction alone as in the above 
studies. The latter is a more sensitive component 
since fatty acid turnover is more rapid in this fraction of 
plasma lipid and thus may be a more sensitive indicator 
of biochemical alteration. Total plasma lipid may be a 
closer reflection of tissue stores since the lack of bio- 
chemical correction seen in our infants after short 
term topical therapy parallels the lack of tissue correc- 
tion noted by Friedman in his patient even though his 
patient's plasma phospholipid pattern did return to- 
wards normal.? More information is needed in this 
regard. and the method may prove to have utility in 
some clinical situations where depletion is not marked. 

Fat emulsion corrected the biochemical deficiency 
pattern in our patients in 7 to 10 days. It was of interest 

" that if fat emulsion was then withdrawn, the chemical 
pattern of deficiency returned within two weeks sug- 
gesting that repletion of severely depleted tissue stores 
probably takes many weeks even with 25% of calories 
administered as fat. It seems clear that a clinically 
significant essential fatty acid deficiency is inevitable in 
patients who receive long-term fat-free nutrition and 
that it should be prevented and treated. 


DISCUSSION 


DR. STANLEY J. Duprick (Houston, Texas): Dr. O'Neill has 
done a masterful job in adding light to a subject, about which we 
surgeons haven't been thoroughly knowledgeable, and I think that 
as we continue to modify diseases, their treatment and their reac- 
tions to treatment, we are going to see more and more unusual 
sequelae to our "artificial" prolongation of life. 

I agree wholeheartedly with Dr. O'Neill that the state of the fat 
stores appears to be crucial to the development, and to the timing of 
the development, of essential fatty acid deficiency. The premature 
infant, for examples, who weighs 600 gm will show EFA changes 
within a week or less; whereas, in a patient who has a centimeter 
thick layer of body fat, but nonetheless is protein malnourished, and 
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obviously has lost a lot of weight, it may take weeks or months for 
the biochemical abnormalities to be manifested. And these pre- 
cede the clinical signs and symptoms of EFAD by a significant 
amount of time. 

In an extensive series that we are accumulating at our institution, 
both in adults and in infants, one can appreciate an inverse relation- 
ship between the preexisting nutritional status, coupled with the 
length of time that fat-free total parenteral alimentation is ad- 
ministered, and the development of essential fatty acid deficiency 
chemically and clinically. 

We have seen only five or 6 adult patients who exhibited a clinical 
manifestation of essential fatty acid deficiency in our series of more 
than 3000 patients receiving intravenous hyperalimentation. We have 
never been able to document diminished wound healing in a patient 
as a result of essential fatty acid deficiency. Those of you who are 
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familiar with the techniques we employ have actually seen the op- 
posite, i.e., an accelerated rate of wound healing, as long as you are 
providing adequate calories and adequate nitrogen. 

I would like to ask Dr. O'Neill if he has any further data on the 
allusion he made in his paper to the interrelationship between vitamin 
E and essential fatty acid deficiency. I personally think that such a 
relationship exists. I predict that if he measures vitamin E levels 
together with the essential fats in the phospholipids, he will observe 
that by increasing the vitamin E level, he will decrease the essentiality 
of fat. 


DR. BASIL A. PRUITT, JR. (Fort Sam Houston, Texas): (Slide) Re- 
garding essential fatty acid deficiencies, we have identified this in a 
few patients with extensive burns on prolonged fat-free intravenous 
alimentation, and identified a change in the saturated/unsaturated 
fatty acid ratio, which I am confident is not as sensitive as is Dr. 
O’Neill’s triene/tetraene ratio. 

(Slide) The next slide confirms—and we examined these changes 
in red cell membrane phospholipds, since hemolysis has been asso- 
ciated with some states of essential fatty acid deficiency, that there 
was not just a relative change, but an absolute decrease in the red 
cell lipid phosphorus per milliliter of packed cells. 

(Slide) The next slide merely shows the species which are invclved 
in this deficiency, (slide) and the last slide shows how this can be 
corrected, corroborating Dr. O'Neill's data, with the administration 
of intravenous fat. 

Therefore, I would ask Dr. O'Neill, did you observe hemolysis? 
That is, was that another clinical complication in your patients? 
And the first item in your summary suggested that the onset of tnese 
deficiencies related to the patient's age. Do you think that reflects 
a difference in the patient's metabolic rate? That is, do hyper- 
metabolic injured patients require this supplementation earlier in 
their post-injury course? 


DR. RICHARD C. MILLER (Jackson, Mississippi): In a stucy of 
fat-free i. v. nutrition in infants (slide) which we conducted at the Uni- 
versity of Mississippi in conjunction with Dr. White and Dr. Turner, 
we found the same tendency toward progressive saturation of fats 
that Dr. O'Neill described, with an ever-increasing triene anilic to 
tetraene anilic fatty acid ratio in the plasma. 

(Slide) Infants reverted to normal, as did Dr. O'Neill's, in several 
days to several weeks after normal milk feedings were resumed. 
Some patients developed severe skin rashes. 

(Slide) And we began then, when seeing these skin rashes, to 
wonder what was happening in the brain, considering the fact that 
the brain, in dry weight, is at least 5096 lipid. Deficiency in »rain 
lipid should be particularly critical in a newborn infant, when the 
brain is undergoing rapid growth and organization. 

(Slide) Using beagle dogs, as described by Dr. Dudrick, and more 
recently adding autopsy data from two of our newborn infants, 
(slide) we found that the same changes occur in the brain as Dr. 
O'Neill has described for us in the plasma. The triene/tetraene ratio 
continues to increase in brain lipids also. 

(Slide) And while the essential brain omega 6 fatty acid decreases, 
the indicator fatty acid, which Dr. Pruitt referred to in the elephants, 
ever increases in brain lipid also. 

While at present, to my knowledge, there is no clinical syndrome 
or neurological aberration which has been attributed to these changes 
in brain lipids, it would seem most reasonable to supply lipid tc pre- 
vent these changes, as Dr. O'Neill has described. 


DR. W. R. THOMPSON (Providence, Rhode Island): The poin: that 
should be made is that we started to use intravenous fat emulsion 
as an energy source when it became impossible to use hypertonic 
glucose and amino acids through a central line because of tecbnical 
and metabolic problems. 

The patient population we were dealing with were septic. I would 
like to stress this point, since it is very difficult to convert from 
metabolic slides the clinical status of the patients. The first patient 
that we treated in 1973 suffered from hemorrhagic pancreatitis, and 
we had a great deal of difficulty controlling hyperosmolarity with 
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his blood sugar, running in the range of 300 to 600 mg% much of the 
time. In addition, he had intra-abdominal abscesses, draining duo- 
denal fistulae, and wound abscesses. 

This clinical picture typified the remaining ten septic patients that 
have been discussed. In addition, which this group we had repeated 
problems of administering enough calories and amino acids through 
the central route. 

With the agreement of the FDA, we did institute a peripheral 
regimen using the soybean emulsion with amino acids plus glucose; 
and we were able to come up with positive nitrogen balances, 
and at least achieve a period whereby the patient recovered suf- 
ficiently so that we could use the enteral route. I think that this 
latter item is a very important point. 

In many of these cases, as Dr. Pruitt has already noted, as soon 
as the enteral route was available, we started to use elemental 
diets in low concentrations, and then over a period of time increased 
the concentration of the elemental diets. 

There seems to be no question that in the septic patients in whom 
additional calories and nitrogen can be infused, their clinical courses 
dramatically improved. 

Most of these septic patients were losing at least 17 gm of nitrogen 
a day, and were not subjects for a peripheral protein sparing regimen. 

I cannot personally make claims for curing patients or helping 
patients by alleviating essential fatty acid deficiencies. We do, how- 
ever, have the same impression that the group from Nashville found 
conclusions for, and that is that patients do better after receiving 
intravenous fat. I suspect that cell membranes, including red and 
white cells, are functionally improved; but, I certainly cannot de- 
fend this with any data. 


DR. JAMES A. O'NEILL, JR. (Closing discussion): Our method of 
administration of Intralipid was designed to deliver 25% of calories as 
fat, to put it into the perspective of Dr. Clowes' study, not simply 
the 496 that appears to be required to prevent essential fatty acid 
deficiency. So we too were using it as an energy source. 

| appreciate Dr. Miller's nice remarks and his very beautiful 
demonstration of tissue deficiency, which I think is key to this ques- 
tion, rather than simply manifestations in plasma. Dr. Pruitt reported 
studies that essentially attempted to do the same thing with respect 
to the red cell, as a reflection, perhaps, of red cell malfunction. 
We did not note hemolysis in our patients, but this is known to be an 
extremely late manifestation of essential fatty acid deficiency, and if 
one looks at the sensitive fraction of plasma lipids—that is, the 
phospholipid fraction— the red cell is one of the last tissues to show 
such changes. So we didn't see that, and that probably is the rea- 
son why. 

On the other hand, we have two patients now who have had plate- 
let prostaglandin levels measured, and these were extremely low in 
these deficient patients, and were repaired rapidly with the adminis- 
tration of Intralipid. 

With respect to the question about metabolic rate, Dr. Pruitt, I 
think it probably is the case that patients who are hypermetabolic 
develop deficiency faster. However, I have no particular data to 
support this, and I think young men, in particular, should be careful 
about making statements without supportive data. 

Dr. Dudrick, your remark about infants developing this much 
sooner is quite correct, and it's evident in our own studies that the 
premature infant even has delta-5-8-11 icosatrienoic acid, the ab- 
normal fatty acid, in plasma at birth; so that perhaps he's deficient 
in utero. 

Your remark about the vitamin E is extremely pertinent and 
penetrating. We have looked at vitamin E levels. We have one pa- 
tient that you have read about in the manuscript who, indeed, was 
vitamin E deficient. This was repaired with topical vitamin E, but 
topical safflower oil did not repair the essential fatty acid deficiency. 
Intralipid did. In summary, I believe we have been able to differen- 
tiate vitamin E from essential fatty acid deficiency. 

Lastly, I have one slide related to wound healing, and I'll spare 
you at this late hour, but what it meant to show was that in a group 
of rats with partial thickness burns, essential fatty-acid deficient 
rats take three times as long to heal their wounds, and in some cases 
don't heal them at all, as compared with normal weanling rats. 


Because an increasing number of women do not wish to be 
anesthetized not knowing the specific diagnosis and not know- 
ing if they will awaken with or without their breast, the tradi- 
tional approach of biopsy under general anesthesia, frozen 
section and simultaneous mastectomy has been abandoned in 
most instances. One-hundred and fifty-three consecutive 
biopsies have been performed under local anesthesia. Nine- 
teen patients proved to have a carcinoma, 23 patients had 
non-obligate precursors of carcinoma, five patients had a 
lymphoma and the remaining patients had benign disease. 
No significant complications occurred. Breast biopsies under 
local anesthesia avoid a good deal of psychologic trauma to 
the patient and allow the surgeon to plan therapy based on a 
precise histologic diagnosis. There are also substantial savings 
on both the direct and indirect cost of a breast biopsy under 
local anesthesia compared to a similar procedure under general 
anesthesia. 


LTHOUGH THE SURGICAL treatment of breast cancer 
A remains controversial, all authorities agree that 
treatment can only be instituted after a histologic diag- 
nosis of cancer has been established. The traditional 
clinical approach has been to perform either an in- 
cisional or excisional biopsy under general anesthesia 
and proceed with a mastectomy if a diagnosis of cancer 
was established by microscopic examination of a frozen 
section of the biopsy specimen. Because an increasing 
number of women do not wish to be anesthestized not 
knowing the specific diagnosis and not knowing if they 
will awaken with or without their breast, the traditional 
approach of biopsy under general anesthesia, frozen 
section and simultaneous mastectomy was abandoned 
several years ago. A clinical study designed to evaluate 
breast biopsies under local anesthesia was initiated. 
This paper describes the results in the first 153 consecu- 
tive patients. 


Patient Selection 


The patients ranged in age from 18 to 77, their mean 
age was 45. Those patients with xeroradiographic or 
mammographic evidence of a breast lesion but no pal- 
pable disease were excluded from this study. If a cyst 
was suspected clinically and fluid could be obtained 
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from the cyst on aspiration, these patients were also 
excluded from the study. One-hundred and nineteen 
patients undergoing biopsy under local anesthesia had a 
clinically benign, discrete mass which did not contain 
fluid on needle aspiration. Twenty patients with indis- 
crete masses which were suspicious of malignancy 
on clinical examination were also included as were five 
patients under treatment for lymphoma who developed 
discrete masses in their breast during the course of 
therapy. Although an appreciable number of patients 
had mammograms or xeroradiograms prior to referral, 
I did not employ either of these procedures as a means 
of determining the etiology of the palpable mass. 

Nine women with clinically obvious cancer were ad- 
vised to have a biopsy under general anesthesia and to 
undergo a simultaneous mastectomy if a diagnosis of 
cancer was established by frozen section. These 
women preferred to have the diagnosis established by 
biopsy under local anesthesia and were included in 
the group of patients under discussion. 


Technique 


Allprocedures were performed in the general operat- 
ing reom with one assistant. No pre-medication was 
empleyed and no patient received intravenous fluids. 
The anesthetic mixture consisted of 50 cc of 196 lido- 
caine (xylocaine) containing 0.5 mg of epinephrine. 
Usually only 20 to 30 ml of this solution were used to pro- 
duce a field of block. In order to avoid inadvertent 
injection into a blood vessel, the syringe was alwavs 
aspirated prior to the injection of the local anesthetic. 
An effort was made to avoid injecting the local anes- 
thetic directly into a tumor mass or to inject the local 
anesthetic beneath the pectoral fascia. 

Circumareolar incisions were performed whenever 
possible. If a circumareolar incision was not feasible, 
circumferential incisions within skin lines were per- 
formed. After the skin incision, most of the remaining 
dissection was performed with the cautery, employing 
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TABLE |. Histologic Diagnoses in 153 Breast Biopsies 

Histologic Diagnoses Number of Cases 0/0 
Carcinoma 19 13 
Lobular hyperplasia 4 2 
Papillomatosis 19 13 
Fibroadenoma 27 17 
Fibrocystic disease 71 46 
Lymphoma 5 3 
Miscellaneous 5 3 
No histologic abnormality 3 2 


the coagulation current for hemostasis and the cutting 
current for excision of the lesion. In the majority of 
cases, the palpable mass was totally excised. Large 
indiscrete masses were partially excised for histologic 
study. Cystic lesions were partially excised with a 
fragment of surrounding breast tissue and the re- 
mainder of the cyst wall was destroyed with the 
cautery. The defect in the breast tissue was closed with 
wide sutures of 2-0 dexon. The skin was closed with 
either a pull-out suture of 4-0 nylon or a subcuticular 
suture of 5-0 dexon. Drains were never employed. 
The patients were instructed to wear a tight brassiere for 
48 hours following the operation. If the biopsy specimen 
was grossly suspicious of malignancy, a frozen section 
was obtained. Those patients who proved to have 
malignant tumors were admitted to the hospital w thin 
one to three days of the biopsy for further diagnostic 
studies. Definitive treatment was carried out within 
four days of the histologic diagnosis. 


Complications 


None of the patients required hospitalization for 
any type of complication resulting from the biopsy pro- 
cedure. One patient developed a small hematoma which 
healed without complication after 4 cc of clotted blood 
were removed by needle aspiration. Ten percent of the 
patients developed small focal areas of second degree 
skin loss along the skin edges. These lesions which 
were attributed to the epinephrine in the local anes- 
thetic mixture, healed without further treatment in all 
instances. There were no wound infections. 


Results 


The operations produced very little anxiety im the 
majority of patients. It was never necessary to discon- 
tinue the procedure because of apprehension or pain. 
Only a few patients complained of any significant pain 
in the postoperative period. The majority of the pa- 
tients required nothing stronger than aspirin for post- 
operative pain. 

The various types of histologic diagnoses established 
in the 153 cases are reviewed in Table 1. Nineteen 
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patients (12%) proved to have a malignant tumor. These 
patients ranged in age from 35 to 77, the median age was 
52. Ten of these patients were thought to have benign 
disease preoperatively. In four of these ten patients, a 
preoperative xeroradiogram had revealed no evidence 
of malignancy. As previously noted, the remaining 
nine patients had a clinical diagnosis of carcinoma. 
Sixteen of the 19 patients with a diagnosis of carcinoma 
have remained free of disease after primary therapy 
(median follow-up 27 months). One patient died of con- 
gestive heart failure 14 months after a quadrant excision 
of the primary tumor. She had no evidence of recur- 
rence. Another patient had evidence of lumbar spine 
metastases on a bone scan which was obtained follow- 
ing the biopsy procedure. This patient has remained 
free of further systemic disease 24 months following 
irradiation of the spine and the excisional biopsy. There 
is no evidenc of residual disease in the breast either 
by physical examination or xeroradiography. The re- 
maining patient developed evidence of systemic 
metastases 20 months after a radical mastectomy and 
internal mammary node dissection for carcinoma in 
the medial quadrants of the right breast. 

The remaining 134 patients had a variety of histologic 
diagnoses. Twenty-three patients had papillomatosis 
and/or lobular hyperplasia, both of these lesions are 
considered to be non-obligate precursors of breast 
cancer.? Ninety-eight patients had either fibroadeno- 
mata or histologic evidence of fibrocystic disease other 
than papillomatosis or lobular hyperplasia. All five 
patients under treatment for a lymphoma proved to 
have lymphomas rather than a primary breast cancer. 
Two patients had a lipoma and three patients had in- 
flammatory lesions of the breast. In three instances, no 
histologic abnormality was found to account for the 
preoperative physical finding. The apparent mass de- 
tected preoperatively proved to be either a nodule of 
breast tissue or fat. No discrete mass was palpable 
in any of these three patients postoperatively. 


Discussion 


This series demonstrates that breast biopsies can be 
performed on an out-patient basis under local anes- 
thesia without significant complication. Similar results 
have been reported by Abramson,’ Caffee,” Hunt,’ 
Mullen? and Saltzstein.? In Abramson's! and Hunt's? 
series, patients over 40 years of age or those patients 
with any clinical suspicion of malignancy were ex- 
cluded from the group of patients undergoing breast 
biopsy under local anesthesia. I see no reason to ex- 
clude such patients. As previously noted, biopsy under 
local anesthesia has been offered to any patient with a 
breast mass regardless of age. Although patients with 
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clinical evidence of malignancy were advised to have 
the biopsy performed under general anesthesia with 
an immediate mastectomy if the frozen section was 
positive, those patients who did not elect this particular 
type of management were biopsied under local anes- 
thesia. In contrast to Abramson, Hunt and Mullen, my 
experience has demonstrated no need for any type of 
pre-medication in the great majority of patients. 

There are many advantages to breast biopsies under 
local anesthesia particularly in regard to the psycho- 
logical trauma associated with the management of a 
breast mass. Women with a breast mass are confronted 
with two problems: 1) the etiology of the mass; and 2) the 
possibility of losing their breast. Both of these situa- 
tions produce a high level of anxiety and frequently 
result in a delay in diagnosis. An increasing number 
of women will consent to biopsy under local anesthesia 
because they know that nothing further will be done 
until a histologic diagnosis is established. Breast 
biopsies under local anesthesia also avoid the psycho- 
logic trauma of an unsuspected mastectomy and allows 
the patient to prepare herself for mastectomy. 

Increased patient acceptance and the lack of any 
significant morbidity allows the surgeon to determine 
a histologic diagnosis in any patient with a breast mass 
which does not contain fluid and also in any patient with 
an indiscrete mass which is even slightly suspicious of 
malignancy on physical examination. Ten patients in 
this series with apparent benign tumors proved to have 
malignant tumors on biopsy. Pre-treatment biopsy also 
allows the surgeon to plan appropriate therapy based on 
a precise histologic diagnosis rather than a diagnosis 
of "cancer" reported on the frozen section. Histologic 
type and histologic grade of the tumor can be estab- 
lished and this information can be utilized in discuss- 
ing further therapy with the patient. 

Breast biopsies provide the pathologist with an op- 
portunity to examine the breast tissue adjacent to the 
palpable mass. In a small but significant number of 
cases, obligate precursors of breast cancer such as 
lobular carcinoma in situ or intraductal carcinoma are 
discovered. These non-palpable lesions are, of course. 
only discovered by chance. Although no such lesions 
were found in this series, 23 patients did prove to have 
non-obligate precursors of breast cancer such as 
papillomatosis and lobular hyperplasia. 

There are a number of practical benefits to breast 
biopsies under local anesthesia. The savings in direct 
cost are substantial. In this Institution there is a $500 
differential in cost between biopsies under local anes- 
thesia and hospitalization with biopsy under general 
anesthesia. There are also significant indirect savings. 
Only those patients with histologic evidence of malig- 
nancy are scheduled for operation. The practice of 
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scheduling a patient for a breast biopsy, frozen section 
and possibly mastectomy is avoided and valuable 
operating room time is not wasted. There is also a sav- 
ing in the cost of operating the blood bank since only 
those patients with definite diagnosis of cancer are 
cross-matched for possible blood transfusions. 

Several authorities are opposed to breast biopsy 
under local anesthesia. Haagenson’ is opposed because 
he feels that breast biopsies under local anesthesia are 
apt to be done with poor surgical technique and with 
less than adequate pre-treatment evaluation. He also 
feels that the patient might not realize the seriousness 
of the lesion in her breast. None of these objections 
appear to be valid, particularly as they relate to pre- 
treatment evaluation. Breast biopsies under local anes- 
thesia, if anything, increase the accuracy of pre-treat- 
ment evaluation since they result in a precise histologic 
diagnosis. Urban!! is opposed to preoperative biopsies 
on the basis that any delay in treatment may jeopardize 
the patient's chance of ultimate survival but only ap- 
parently if the delay is greater than two weeks between 
biopsy and definitive therapy. Scheel,!'? Jackson? and 
Haagenson* have all published studies which demon- 
strate no adverse effect of a delay of several days be- 
tween biopsy and definitive therapy. In this series of 
cases, there was no significant delay between diagnosis 
and definitive therapy. Biopsy under local anesthesia 
followed by a subsequent mastectomy also appeared to 
have no effect on the incidence of local or systemic 
recurrence in this small series of cases. Urban s!! other 
objection, a tendency to limit the extent of the biopsy 
if the procedure is done under local anesthesia, is a 
legitimate one and an effort should be made to excise 
not only the palpable mass but also a generous fragment 
of adjacent breast tissue. 

Reactions to lidocaine are another possible objection 
to breast biopsies under local anesthesia. Two general 
types of reactions to lidocaine occur, either a hyper- 
sensitivity reaction or central nervous system or 
cardiovascular reactions secondary to high plasma 
levels of the drug. Although hypersensitivity reactions 
to lidocaine are quite rare, specific inquiries into a 
history of hypersensitivity reaction should be made 
prior to operation. Central nervous system reactions 
and/or cardiovascular reactions to lidocaine are sec- 
ondary to the inadvertent injection of the local anes- 
thetic; avoiding intravascular injections, can obviate 
these central nervous system and/or cardiovascular 
reactions. 

Perhaps the most serious objection to breast biopsies 
under local anesthesia is the possibility of introducing 
cancer cells into either the lymphatic or venous circula- 
tions with the needle used to inject the local anesthetic. 
I believe this is more of a theoretical than practical 
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consideration and there has been no clinical eviderce 
either in this series or any other series to indicate that 
patients subjected to breast biopsies under local an2s- 
thesia have a higher incidence of systemic metastases. 

An alternate method to breast biopsy under local 
anesthesia is the use of needle aspiration of a breast 
mass and the cytologic and/or histologic examinatior of 
the needle biopsy specimens. I have had no experiemce 
with this technique except for aspiration of suspec-ed 
cysts. In a large series of cases, Rimsten? reports no 
false positive cases and a remarkably low incidence of 
false negatives. This technique, therefore, appears to 
warrant further investigation. 
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DR. RICHARD J. FIELD, JR. (Centreville, Mississippi): A our 
institution, we have felt for many years that out-patient breast 
biopsies allow adequate psychological and emotional prepamation 
for the super-anxious female facing the possibility of carcinoma 
of the breast. In contrast to this attitude is that of placing the 
patient under general anesthesia and possibly doing an immediate 
mastectomy. 

(Slide) We have a few deviations from your routine. If you al will 
indulge this printing of mine, I have jotted it down. We bring them 
in the morning of surgery. We do admit them. We do a biopsy inder 
local anesthesia, and also give preoperative medication. We even 
give a little Valium intravenously, if they are really apprensive 
about the whole procedure. 

We do a frozen section, and await its results. If the section is 
benign, we discharge the patient that same day. However, f it is 
malignant, we sit down and discuss the problem at length wrh the 
family. It has been our belief for a long time that the Golden Eule is 
the most effective approach. It is my opinion that if this were I, I 
would like to have someone sit down and talk to me about what is 
going to happen to my breast, assuming it has carcinoma in E. The 
patients appreciate this approach, and I think that, as a result, taey do 
better postoperatively. We then prepare the patient that afternoon 
and do a radical mastectomy the following morning. 

I am grateful to Dr. Baker for surfacing this problem that think 
has been overlooked for many years. I think this approach thathe has 
described is a better way. 

(Slide) We reviewed the last 130 of these that we have done 
under local anesthesia. Nineteen of ours were carcinomas for a 
15% incidence of carcinoma in these that we have done under 
local anesthesia. 


DR. JAMES F. NEWSOME (Chapel Hill, North Carolina): 1 would 
agree thoroughly with the humanistic concerns he has expressed; 
but there are other reasons, some of which have alread’ been 
mentioned. 

As Dr. Baker has indicated, if one knows the nature of a mass, he 
can more intelligently decide the treatment necessary. 

Some years ago, because of a lack of beds and a crowded operat- 
ing schedule, we began breast biopsies as an out-patient prozedure. 
We're just not reviewing our experience of the last two years, which 
is in excess of 200 patients. 

Our approach differs from Dr. Baker's and, indeed, from that just 
mentioned by Dr. Field. We use a needle as a preliminary testing 
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procedure. I’m impressed with the frequency with which the pres- 
ence of cancer can be confirmed by cytologic study of saline wash- 
ings of a 19-gauge needle and syringe, when no fluid is recovered. 
If a firm diagnosis cannot be made in this manner, then biopsy is 
carried out in the out-patient department under local anesthesia. 

(Slide) Rarely do we use more than 10 cc of Xylocaine. Adrenalin 
is never used. (Slide) (Slide) I never use the electric cautery. The 
wound is managed as shown here. (Slide) This happens to be a biopsy 
for nipple discharge from an intraductal papilloma demonstrated by 
ductogram. (Slide) And here one can see the area which has been ex- 
posed, with the intraductal papilloma at this point. (Slide) And 
wound closure with sterile tape. (Slide) And here's the specimen, 
indicating that one can, indeed, excise an adequate margin of tissue 
quite readily, anesthetizing the skin only. 

(Slide) Now, one has the opportunity, at least in our institution, 
of doing such procedures in one of three ways: In the minor operat- , 
ing room of the out-patient department under local, as I have demon- 
strated here; in the so-called ‘‘day-op’’ program, where the patient 
is admitted to the hospital in the morning, and under local, or with 
general anesthesia, the biopsy is procured, and then she is dis- 
charged; or, indeed, in the more traditional method of admitting the 
patient to the hospital for a biopsy and frozen section under general 
anesthesia in a general operating suite. 

l'd like to point out to you that if on cytologic study one can 
establish a diagnosis, basic charges are about $60. 

In some instances, one does have to proceed with a biopsy, 
and here I have listed basic charges for each method. In the minor 
operating room, charges are less than $300; in the "'day-op'"' pro- 
gram, something less than $500; and in the general hospital setting, 
something over $700. The savings here are quite evident. 

Not included in this, of course, but also important are the savings 
in time and money in permitting the operating room to be more 
appropriately used. 

I would agree entirely with Dr. Baker that the objections raised 
by several authors, I believe, are more imagined than real. An ade- 
quate margin can be procured. There is no documented instance of 
reaction to lidocaine, at least in our series. And introduction of 
malignant cells into the bloodstream should be of no more concern 
than with any other method, in that it's not necessary to infiltrate the 
breast tissue at all. 

The average time required for biopsy in the patients that we have 
studied is less than 40 minutes. And lastly, as I have already indi- 
cated, I would view the needle aspiration not as an alternate method, 
but as an adjunct to the diagnosis of a breast lesion. 

And I would emphasize one other point. If one is to rely upon 
needle aspiration, you must have a superb cytologist. 
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DR. BENJAMIN F. BYRD, JR. (Nashville, Tennessee): It’s a time when 
we must turn to the wisdom ofthe past to know which way to go in the 
future. For this reason, I would like to point out that there are some 
items that appear in Dr. Baker's paper which deserve special empha- 
sis; and the use of this technique is confined, in his hands, to those 
lesions which are actually palpable, and which are smaller than— 
I believe, 4 cm is the figure. 

Now, he does not intend —and I always hear people go away from 
meetings and say, "Did you hear what he said?" And he didn't really 
say it. The important thing is that Dr. Baker does not intend that 
this technique be used for nonpalpable lesions, for discharging 
nipples, for lesions which are evident on mammography alone, for 
those individuals who have something which brings them to surgery 
other than a palpable lesion which cannot be aspirated successfully. 

So that I think this is very important. I think also it's very im- 
portant that we recognize that in the hands of most of us, at least, 
the traditional approach of biopsy under general anesthesia, 
frozen section, and simultaneous mastectomy was not abandoned 
several years ago. It was still in active use in Nashville last week. 
And I think that this is still a perfectly acceptable technique. And 
most of my patients would rather have their problem settled at one 
sitting than to go through the experience of having a biopsy under 
local anesthesia. and then a day or two wait, and then the decision 
made, and be brought back and go through the same thing that 
they would have gone through anyway. 

That's one side of the coin. The other side of the coin is that in the 
27 breast cancer detection demonstration projects, which now have a 
total enrollment of well over 270,000 women, there have been about 
10,800 biopsies recommended. And this is a medical cost which. by 
conservative estimate, represents about $514 million. And some- 
how we have to reduce to a minimum, or a possible minimum, the 
expense in connection with diagnostic procedures for breast tumors. 

This certainly is an interesting approach. Some form of ambulatory 
surgical care or of the day operating room will help in many of these 
instances. But remember that 45% of the early cancers are evident 
on mammography alone, and so we have to retain the old techniques 
still for a major fraction, if not the majority, of those individuals 
who require breast biopsies. 

I think we need an answer. I think that Dr. Baker's solution isa step 
in this direction. But I think that there's a great deal of work that 
still needs to be done in it. For instance, in Tennessee the Blue 
Cross Plan does not pay for the type of surgery which is described 
here, and this is an out-of-pocket expense. then, to the patients 
involved. And all these things are very practical, and, after all. 
ehis is a very practical organization. 


DR. WILLIAM Levi OLD, Jr. (Norfolk, Virginia): I would like 
to briefly present the highlights of the out-patient breast biopsy 
program at the U.S. Navai Hospital in Portsmouth, Virginia, where 
I am surgical consultant. 

This program was begun in the early 1960's by Admiral Edward J. 
Rupnik, a member of the Southern Surgical. He established for 
the approximately 50 new patients seen each week in the breast 
screening clinic a policy of aspiration for all apparently definite, 
three-dimensional cystic lesions, admission and routine standard 
procedure for all reasonably certain cancers, and out-patient local 
anesthesia, dominant mass excision, for the remaining majority. 

This first slide shows that from 1963 through 1973, 2492 patients 
underwent breast biopsy. 179 average age 48 years, were in-pa- 
tients with general anesthesia. 2313, with an average age of 34 years, 
had out-patient local anesthesia biopsy. Of course. these patients 
were considerably younger than those that we ordinarily see in 
civilian practice. 


DR. GEORGE W. HOFFMAN (New Orleans. Louisiana): I wish to 
speak concerning some of the techniques, not concerning the ad- 
visability of whether or not breasts should be biopsied as an out- 
patient. However, I would urge each and everyone of you to con- 
sider the use of out-patient facilities not only for breast biopsies, 
but for many other types of surgical procedures as well. 

We have been interested in out-patient surgery for quite a number 
of years and we have found it to be a very safe, effective type of 
approach. | feel that many surgical procedures that are routinely 
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performed in hospitals today could be done just as well on an 
in-and-out basis. 

I would like to discuss the question of premedication and drugs. 
| use adrenalin with local in practically every case. We do not have 
trouble with it, though there is a little rebound phenomenon when 
you use adrenalin. I would urge you to try it. We advocate it. Dr. 
Baker, I would look to another reason for the skin problems con- 
cerning this particular procedure. I do not believe that adrenalin will 
cause problems when used properly. 

Finally, I think premedication is extremely important. Many 
patients are extremely apprehensive about surgical procedures of 
less magnitude than a breast biopsy. Many of these patients need 
sedation. Intravenous Valium for sedation is safe when used 
according to the technique advocated by the manufacturer. How- 
ever, we feel the most important drug in premedication is one 
which practically everyone of you use practically every day, and 
that is atropine. 

In the last few years, doing several hundred minor surgery 
procedures, we have been impressed with the incidence of vagovagal 
reactions. If one connects an EKG or cardiac monitor, I would esti- 
mate about five percent of the patients we've seen have some sort 
of preblem, such as bradycardia or other rhythm disturbances. 
Usually, this type of patient is not monitored by an anesthetist or an 
anesthesiologist. I, personally, had a 21-year-old, healthy patient 
undergoing a very minor operation of the ear, who developed symp- 
toms of cardiac arrest. Initially, she stated that she felt faint. bad. 
and weak. Most of the time, these patients respond to being placed 
in the Trendelenberg position. However, the EKG demonstrated a 
progressive bradycarida, then cessation of the QRS. She was 
successfully resuscíatated without sequela. Atropine was given 
intravenously. Further, we felt this occurrence was due to vagovagal 
reaction and not reaction to the local anesthetic. 

| am impressed with the number of times bradycardia and 
hypotension occur during minor surgery. We routinely give atropine 
pre-operatively as our most important drug, and keep atropine ready 
to administer i.v., in the event that the cardiogram shows any evi- 
dence of bradycardia. 

This second slide shows that in 179 clinically highly suspicious 
cancer patients, with biopsies under general anesthesia. 79 cancers 
were found. In the 2313 out-patient biopsies 94 cancers were found. 
And in these the delay between out-patient and definitive surgery 
averaged only one or two days. 

The third slide indicates that 89 of the 173 cancer patients have 
been fellowed for five years or longer. Without going into any detail, 
no obvious ill effects of the local anesthesia procedure have been 
noted in the survival or the local recurrence figures. 

The last slide shows that the actual federal hospital cost for out- 
patient local anesthesia is $105, while for in-patient general anes- 
thesia it is $250. In the Tidewater, Virginia, private Out-Patient 
Surgicenter, the fee runs $165, while the hospital in-patient thrée- 
day fee is approximately $500. These figures do not include the 
surgeon's fees. 

In cenclusion, the surgical chiefs at the Naval Hospital in Ports- 
mouth would agree strongly with the excellent paper presented 
by Dr. Baker. 


Dr. R. ROBINSON BAKER (Closing discussion): I think it's worth 
emphasizing what Dr. Byrd emphasized—this paper is concerned 
with the clinical management of a palpable breast mass. This paper is 
not concerned with nonpalpable disease picked up on xeroradiogra- 
phy. Xeroradiographic lesions are managed in a different way. 

I would like to take exception to Dr. Hoffman's comments about 
reaction to local anesthesia. I think that 99% of reactions to Xylo- 
caine are due to a high plasma concentration of Xylocaine. The 
high plasma concentration of Xylocaine is due to the inadvertent 
intravenous injection of the local anesthetic. If you are very. careful 
about injecting Xylocaine, and aspirate the needle each time before 
injection, I don't think you will encounter reactions to Xylocaine. 
Hypersensitivity reactions to Xylocaine may occur but they are ex- 
tremely rare. I don't think an EKG monitor is necessary. I think it 
is advisable to keep the procedure as simple as possible. In this 
series we have avoided intravenous infusions, premedication and 
anything else which would make the procedure more complicated. 


The Omentum: 


An Account of its Use in the Reccnstruction of the Chest Wall 


M. J. JURKIEWICZ, M.D., P. G. ARNOLD, M.D." 


Ten patients with lesions of the chest wall amenable to surgical 
therapy were reconstructed by a transposition flap of the 
greater omentum. Eight of these patients had been previcusly 
treated for cancer of the female breast by mastectomy and ir- 
radiation or by irradiation alone (in one instance). Of these 8, 
6 had progressive ulceration of the chest wall consistent with 
radiation necrosis and three had residual carcinoma withia the 
ulcer. One patient had melanoma of the chest wall still per- 
sistent after surgical resection and irradiation. Another had 
epidermoid carcinoma, whereas two sought breast recons ruc- 
tion after successful mastectomy for cancer. In five pafients 
the omentum was transposed directly on the pleura and lung 
or chest wall. In three patients prolene mesh was interposed 
to stabilize the chest wall. In two patients the defect attendant 
upon a Halsted mastectomy was ameliorated by a one-stage 
reconstruction using transposed omentum to cover a si astic 
gel prosthesis and to support an overlying skin graft. In hree 
patients there were mild transient symptoms of gastric cutlet 
obstruction postoperatively. In one patient delayed healing oc- 
curred because of partial separation of the omentum from the 
underlying irradiated pleura and in another there was partial 
loss of skin graft and omentum due to hematoma. A Gosed 
wound was achieved in all cases without infection. 


HE PHYSIOLOGICAL defect attendant upon resection 
T of large portions of the chest wall for whatever 
reason may be of such magnitude that life is in €op- 
ardy.!? Clearly a closed wound is an absolute requisite 
to successful therapy. A major task confronting the 
surgeon in the reconstruction of the chest wall is to 
provide not only enough rigidity to the rema ning 
thoracic cage so that there will not be a dangerous 
degree of flail but also to provide protection fo- the 
lung, heart and great vessels.'? 

In addition the chest wall reconstruction shou d be 
so dependable that a healed wound can be expected in 
all cases without undue morbidity. Moreover. the 
donor defect should be an acceptable one and the final 
appearance of the patient a reasonable semblenze of 
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normalcy. The use of a transposition flap of the greater 
omentum to cover prolene mesh and to support a split 
thickness skin graft is a direct and straight forward 
approach which most nearly satisfies these objectives. 
It produces a closed chest wall sufficiently stable to 
maintain effective ventilation; it is dependable; has lit- 
tle morbidity and the donor defect is minimal. This 
paper is an account of such a technique in reconstruc- 
tion of the chest wall. 


Clinical Material 


Reconstruction of the chest wall was performed on 
10 patients from 1974 to 1976. The first of these was a` 
60 year old male who had a very large ulcerating fixed 
epidermoid carcinoma of the chest wall with direct in- 
vasion into the right axilla. He was originally treated 
with 6800R over a 6 week period, followed by a scapulo 
thoracic amputation and partial resection of four ribs. 
Unfortunately, there was wound failure because of ir- 
radiation and the stump of the subclavian artery was in 
jeopardy. Accordingly a transposed flap of omentum 
based on the right gastroepiploic vessels was carried 
out to cover the lateral chest wall and subclavian ves- 
sels. An overlay skin graft completed the closure. 
There was some separation of the flap from the under- 
lying fixed pleura and lung which healed secondarily. 

The second patient was a 68 year old man with a pain- 
ful ulcerating post-surgical, post-irradiation persistent 
melanoma of the left chest wall with axillary invasion. 
A palliative resection'was carried out and the chest 
wall and axillary vessels covered by an omental flap 
upon which was placed a split skin graft. Healing was 
uneventful and relief of pain was achieved. The patient 
died after four months due to generalized metastasis. 
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Fic. 1. A typical patient in 
whom omental transposi- 
tion should be considered. 
She harbors residual cancer 
of the breast in a very 
painful osteoradionecrotic 
ulcer. No detectable distant 
metastases. 


The remaining 8 patients were women who had been 
treated for cancer of the breast by mastectomy and 
irradiation or in one instance radiation alone. Six of 
these women had progressive ulceration of the chest 
wall consistent with osteoradionecrosis. Relentless 
pain was the principal complaint common to all 6 pa- 
tients. Three of these women, in addition, had persist- 
ent adenocarcinoma within the ulcer (Fig. 1). Resec- 
tion in all cases included skin, muscle, rib and where 
„appropriate portions of sternum or lung. In three of 
these women prolene mesh was used to stabilize the 
chest wall. In all instances, a closed chest was achieved 
by the use of transposed omentum covered by split 
thickness skin graft. In one patient a secondary skin 
grafting procedure was necessary because of partial 
loss of the initial skin graft due to hematoma. 

The remaining two patients underwent reconstruc- 
tion of the breast which had been previously removed 
by radical mastectomy some several years for cancer. 
The defect was recreated by opening up the incision and 
reconstruction carried out in one stage by a transposi- 
tion flap of omentum used to cover a suitable silicon 
gel prosthesis and to support an overlying thick split 
skin graft. 


Operative Technique 


Preoperative Preparation 


Any ulcerated wound is biopsied for histology and 
microbiology. Two days prior to surgery there is a 
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mechanical preparation of the bowel and the patient 
placed on a clear liquid diet. Antibiotics appropriate 
to the microbial flora of the wound are begun the night 
prior to surgery. Hexachlorophine soap is used to wash 
thoreughly the chest, abdomen and thighs the night 
prior to surgery. 


General Operative Procedure 


A nasogastric tube to decompress the stomach is in- 
serted at the time of induction of general endotracheal 
anesthesia. The patient is prepared from the neck to 
the knees bilaterally. A transverse celiotomy is pre- 
ferred (unless an old vertical incision has been used in 
the past) (Fig. 2). After abdominal exploration, the 
omentum is placed on traction by the first assistant 
while the operator holds the transverse colon and 
separates the omentum away from that structure. Care 
is taken to avoid not only the appendices epiploica, but 
also any possible diverticula in the transverse colon. 
The dissection should proceed from left to right be- 
cause the leaves of the omentum usually are not fused 
to the body and tail of the pancreas. It is important, of 
course, that the transverse mesocolon be identified and 
reflected inferiorly. Each vessel is clamped and ligated 
immediately. Electrocautery is not used at any time 
during this procedure. At some point below the spleen 
that is comfortable, the omentum is transected across 
to the level of the left gastroepiploic vessels. Both 
the right and left gastroepiploic vessels are palpated and 
by alternate occlusion of these vessels one can deter- 





mine which is the larger. Usually the larger and more 
pulsatile vessel is the right gastroepiploic and if lemgth 
is needed then the left gastroepiploic vessels can be 
divided. The short vessels between the gastroepiploic 
arcade and gastric wall are then individually clam ped 
and ligated. The omentum with the gastroepiploic ar- 
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Fic. 2. The operative plan 
is outlined on the patient 
prior to induction of anes- 
thesia. 


cade is then taken down to the area of the antrum and 
duodenum (Fig. 3). If further lengthening of the omen- 
tum is necessary then the anastamotic pattern of the 
gastroepiploic arcade can be interrupted selectively 
without jeopardizing the blood supply in a manner well 
described by Goldsmith.’ 


Fic. 3. The omentum has 
been liberated and is trans- 
posed as a test to deter- 
mine whether additional 
lengthening is necessary. 
Note that with separation 
from the greater Curvature 
of the stomach and based 
on the right gastroepiploic 
vessels much of the anfero- 
lateral chest wall can be 
covered. 
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Next a tunnel is made below the costal margin and in 
the plane between the skin and musculoskeleton. 
Usually this is taken through the right side to the left 
of the falciform ligament which may be used as a ‘‘baf- 
fle" to insure that no hernia will result from the large 
defect that is created. This incision should be large 
enough to allow the surgeon's entire hand to pass 
through it thus insuring that there will be no com- 
promise on the vascular pedicle to the omentum which 
is then turned up through this tunnel. Care is taken not 
to twist the vessels. In this maneuver it is important that 
the duodenum and its vascular pedicle not be tented. A 
small tacking suture is then placed where the omentum 
exits the chest wall wound to prevent further extru- 
sion. The celiotomy is then closed with interrupted 
nonabsorbable sutures in a figure-eight fashion and 
intradermal prolene in the skin. 

At this point, the chest wall lesion which has been 
covered by an impervious sterile polyethylene drape 
is excised. During this excision the omentum is 
wrapped in a moist laparotomy pad. If decostalization 
of the chest wall is such that flail might be a problem. 
rigidity is restored by one or two layers of prolene mesh 
sutured to the inside of the rib cage with heavy prolene 
sutures after chest tubes have been placed (Fig. 4). If 
there are adhesions of the visceral and parietal pleura 
so that the underlying lung does not fall away, then the 
omentum can be placed directly into the wound and 
skin grafted. In either case the omentum is sutured with 
fine chromic sutures at the perimeter of the wound and 
the skin graft is sutured carefully to the edge of the 
wound with fine polyglycolic acid suture material (Fig. 
5). A significant amount of time is spent to insure a per- 
fectly closed wound at this point. If the skin graft has 
been meshed, then gauze moistened with saline is used 
as a dressing over which dry pads are placed and lightly 
taped. No compressive dressings are applied. The 
dressings are moistened every four to 6 hours with 
saline and after 48 hours a dry dressing can be applied 
to the wound. If the graft is not meshed, then xeroform 
gauze and dry dressings are applied, again, without 
compression. 

The nasogastric tube is usually removed within 48 
hours and a full liquid diet begun. If care is not taken 
to make certain there is no tension on the gastro- 
duodenal vessels or kinking by the epiploic vascular 
pedicle, there may be some delayed gastric emptying in 
the first few days. Antibiotics are continued for three 
days postoperatively. If a chest tube has been placed 
and connected to an underwater seal, it may be re- 
moved in about 48 hours. 


Discussion 


When the chest wall is to be reconstructed, the sur- 
geon must take into account three fundamental con- 





THE OMENTUM 551] 


SR oe 
P aa a 2 
wt AUAM ^ 





, , ' 


- 
AV 
p 
' 


Fic. 4, The lesion of the chest wall and sternum has been resected 
and rigidity provided by prolene mesh. The omentum is at the 
lower portion of the wound ready for the second layer of 
the closure. 


siderations: (1) the anatomic defect, (2) the physio- 
logic consequences, and (3) prior radiation of the 
wound if any. When costal integrity is sufficiently vio- 
lated so as to produce ineffective chest wall rigidity 
paradoxical motion is regularly observed.'? The magni- 
tude of the ventilatory derangement in general will be 
roughly in proportion to the size of the chest wall defect 
provided that there be (A) an intact sternocostal arch 
across the midline, (B) a fully functioning diaphragm 
and (C) no significant underlying chronic respiratory 
disease. The anterior midline defect which disrupts the 
median support for the ribs, likened to a tie-beam in a 
gabled roof.'? will compromise the ventilatory effort 
much more significantly than a defect of the lateral or 
posterior chest wall. 

Even so, excision of the manubrium and adjacent 
ribs without resection of the clavicle is attended by 
little paradox, reported as early as 1913 by Richard- 
son.'* Resection of the clavicles with limited resection 
of the manubrium and adjacent ribs produces little dis- 
ability. Abbott and Lucas! have pointed out that the 
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attached musculature so stabilizes the clavicle that 
brachial compression is obviated. 

When clavicles, manubrium, upper sternal body 
with adjacent ribs are resected the physiologic de- 
rangement can be severe. Provision for rigidity cf the 
chest wall has to be made and ventilatory support 
must be provided in the post operative period.'* Myre 
and Kirklin,; however, have reported that a fair 
amount of paradox in this situation is well tolerated in 
the robust patient and in time in growth of fibrous tis- 
sue will ameliorate the flail to a surprising extent. 

Total resection of the sternum and adjacent ribs along 
with the clavicles has been carried out. Under these 
circumstances the median tiebeam is absent and ac- 
cording to Starzinski and Beattie,!? the degree of para- 
dox may be so prohibitive so as to defy any reconstruc- 
tive effort. Cases, however, of total sternal excision in 
one-stage with reconstruction have been reportec with 
successful outcome.? We have not resected the entire 
sternum, but have resected clavicles, manubrium, most 
of the gladious and adjacent ribs and reconstructed 
successfully. 

Skeletal support has been provided by the use of 
Tantallum mesh, fascia lata, osteoperiosteal flaps, split 
ribs, iliac bone graft and marlex or prolene mesh. We 
have found prolene mesh to be well tolerated even in 
contaminated wounds. It is easy to work with and will 
provide sufficient support to the chest wall in most in- 
stances. There may be some paradoxical respiration 
post operatively, but it is transient and well tolerated. 


JURKIEWICZ AND ARNOLD 





Ann. Surg. e May 1977 


Fic. 5. One year after 
operation the patient is 
pain free and has a healed 
chest wall without evidence 
of local disease. 


In addition to the loss of skeletal support there is 
usually a variable skin and soft tissue resection. With- 
out skin and soft tissue cover, there is consequent loss 
of atmospheric seal and a resultant open pneumo- 
thorax. If adjacent skin can be mobilized in small de- 
fects, is not under tension and is not irradiated, direct 
closure can be achieved. When the skin and soft tissue 
defect is large, however, then closure by a reliable flap 
is mandatory. The choice ofa skin flap will depend upon, 
what local tissue is available and whether it has been 
irradiated. Local random pattern flaps are of limited 
usefulness. The breast in a woman may be used,'* sup- 
plied as it is by branches of the subclavian, internal 
thoracic and intercostal arteries. Large flaps can be 
based medially on the perforating branches of the in- 
ternal thoracic artery or its continuation, the superior 
epigastric artery which courses along the posterior 
rectus sheath to join the inferior deep epigastric artery. 
This paramedian arcade from the first intercostal space 
to the umbilicus gives off perforating branches which 
supply the skin of the anterior chest and anterior ab- 
dominal wall. 

Bakamjian? was the first to recognize and take ad- 
vantage of this rich blood supply of the internal thoracic 
artery when he designed the deltopectoral flap. Such a 
flap may be used to cover chest wall defects on the 
ipsilateral and contralateral sides. 

Tai and Hasegawa? and later Brown? recognized 
that an abdominal flap probably should be based 
medially similar to that of the deltopectoral flap because 
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of this paramedian vascular arcade. This transverse 
epigastric flap can be extended without delay to the 
posterior axillary line and rotated upwards to cover 
chest wall defects. Baroudi's* rotational advancement 
flap of the entire abdominal wall to cover chest defects 
is based on the same blood supply. 

Flaps may also be based on the posterior perforat- 
ing branches of the intercostal arteries which provide 
the blood supply to the dorsal scapular flap. Flaps 
may also be based on branches of the intercostal vessels 
at the anterior and mid-axillary line. Usually if these 
flaps are significantly long they must be delayed. Fi- 
nally, the most extensive use of a local arterialized 
flap is that of a filleted arm which has been used to 
cover chest wall defects in extreme circumstances.!? 

Distant flaps using the arm as a carrier or ‘‘waltzed,”’ 
"tumbled," or '"jumped"' into position are compli- 
cated, time consuming and have largely been sup- 
planted by more dependable and less protracted 
methods. 

Muscle flaps which are a type of arterized flap with a 
single dominant blood supply have been used to cover 
various defects including chest wall. Campbell? de- 
scribed the use of the latissimus dorsi muscle by de- 
taching its origin from the ribs to cover an anterior 
chest wall defect. The skin over the latissimus dorsi is 
nourished by perforating branches of the thoracodorsal 
vessels supplying that muscle. Myocutaneous flaps of 
latissimus dorsi are now being used on our service 
at Emory to reconstruct the breast after radical 
mastectomy. 

The pectoralis major muscle may be used to cover 
defects of the sternum and adjacent ribs. If detachment 
of its origin from the ribs is insufficient then transec- 
tion of its insertion on the humerus will permit its 
mobilization to the opposite chest two or three cm 
beyond the sternal border. A split graft is used for the 
final closure. 

In our experience, reconstruction of the chest wall 
by a transposition flap of the greater omentum with 
immediate split thickness skin grafting has been re- 
liable, safe, relatively simple and free from failure or 
significant complications. The use of the omentum in 
extracelomic location is not new. Priority for its 
deliberate use for reconstructive purposes probably 
goes to Kiricuta of Rumania, who, in 1956, reported the 
use of the omentum in the repair of vesicovaginal fis- 
tulae and later for the repair of bronchopleural fistulae, 
the reconstruction of the chest wall and for the pallia- 
tion of lymphedema of the arm.?? 

The omentum is particularly useful to reconstruct the 
patient who has progressive osteoradionecrosis of the 
anterior chest wall following radiation of a radical 
mastectomy site. In this instance the pectoralis major 
is gone; the vascular pedicle to the latissimus dorsi 
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may have been ligated at surgery or compromised by 
the radiation; and the superior epigastric vessels like- 
wise may have been damaged by irradiation making 
regional flaps, skin or muscle, uncertain. Equally a 
contralateral deltopectoral flap may be undependable 
because of the inclusion of the mediastinum in the 
field and therefore the internal thoracic vessels. 

In this circumstance one could resort to a distant flap 
transferred by the opposite forearm and wrist as a 
carrier. This procedure has many stages, is tedious, 
uncomfortable and requires protracted hospitalization. 
Failure can occur at any stage and finally the detached 
flap is totally dependant on the vascularity of the re- 
cipient site, which site is ischemic because of progres- 
sive obliterative vasculitis. The omentum or any 
arterialized flap will bring in its own permanent blood 
supply, a principle emphasized by Brown in the treat- 
ment of radiation injury. 

For use in chest wall reconstruction lengthening of 
the omentum is always necessary. As Alday, Gold- 
smith? and more recently Das? have pointed out de- 
tachment of the omentum from the transverse colon 
will permit reach to the nipple level in 75% of cases. 
In this detachment in the avascular plane of Hey 
Groves"! it is easier to dissect from left to right because 
there is absence of fusion of the leaves of the omentum 
to the body and tail of the pancreas. In addition as 
Powers!* has emphasized one must identify the plane 
of fusion of the omentum and epiploic appendages and 
dissect between them leaving the epiploic appendages 
attached to the colon. In this way dissection is rapid 
and quite avascular. 

If further length is needed then one must detach the 
omentum from the greater curvature of the stomach 
leaving it supplied by right or left gastroepiploic ves- 
sels. The right gastroepiploic artery is usually the larger 
of the two and the omentum based on the right gastro- 
epiploic vessels will reach anywhere on either side of 
the anterior chest. It is axiomatic that care must be 
taken not to injure the gastroepiploic arcade. All ves- 
sels are individually clamped and ligated immediately 
as one proceeds along the greater curvature of the 
stomach. A hemostat torn off the omentum will result 
in a large hematoma which might seriously compromise 
the amount of useful omentum left for reconstruction. 

Of the 10 patients so reconstructed there have been 
no failures and the complications minimal. In one there 
was delayed healing of the omentum to a portion of 
the underlying adherent lung and pleura in a heavily 
irradiated patient. In another an hematoma developed 
in one leaf of a folded transposed omentum and thus a 
portion of the skin graft was lost. In three patients there 
was a sense of bloating when liquids were instituted on 
the third post operative day. This post cibal delayed 
gastric emptying was transient and did not require 
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therapy — mechanical or pharmacological. If particular 
attention is paid to make certain there is no tensior on 
the gastroduodenal vessels then even this mild delayed 
gastric emptying will not occur. 


Conclusions 


The repair of defects of the chest wall particularly 
in patients who are afflicted with osteoradionecrosis 
can be repaired in reliable fashion by the use of omen- 
tum transposed on either the right or left gastroepir loic 
vessels. A skin graft is used for wound cover and pro- 
lene or marlex mesh may be used to provide chest wall 
rigidity. In 10 patients the omentum has been so ased 
to achieve a one-stage repair without signifzcant 
complications. 
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DISCUSSION 


Dr. ANDREW W. Moore (Lexington, Kentucky): My experience 
with this is very minimal, but as you saw in his slides, the riga- 
marole that one must go through to reconstitute a damaged chest 
wall is considerable. You take this very simple procedure, apply 
it and accomplish your repair in one stage. You have a patient 
who is relieved of pain and cured of the disease. This is, I »elieve, 
a very intriguing, remarkable, and thoughtful presentatior and it 
really deserves your deep consideration. I do appreciate it very 
much, Dr. Jurkiewicz. 


Dr. M. J. JunKiEWICZ (Closing discussion): If I have a minute, 
would you put my tray back on and show me Slide 55? 

This technique is applicable not only to reconstruction follow- 
ing osteoradionecrosis, but in the technique of breast reconstruction. 


JURKIEWICZ AND ARNOLD 


Vol. 185 e No. 5 


verse Abdominal Flaps and the Deep Epigastric Arcade. 
Plastic Reconstr. Surg., 55:416, 1976. 

7. Campbell, D. A.: Reconstruction of the Anterior Thoracic Wall. 
J. Thorac. Cardiovasc. Surg., 19:456, 1950. 

8. Das, S. K.: The Size of the Human Omentum and Methods of 
Lengthening it for Transplantation. Br. J. Plast. Surg., 
29:170, 1976. 

9. Graham, J., Usher, F. C., Perry, J. L., and Barkley, H. T.: 
Marlex Mesh as a Prosthesis in the Repair of Thoracic Wall 
Defects. Ann. Surg., 151:469, 1960. 

10. Groff, D. B., and Adkins, P. C.: Chest Wall Tumors. Ann. Thorac. 
Surg., 4:275, 1967. 

11. Hey Groves, E. W.: The Radical Operation for Cancer of the 
‘Pylorus, with Especial Reference to the Advantages of the 
Two Stage Operation and to the Question of the Removal of 
the Associated Lymphatics. Proc. R. Soc. Med., 3:117, 1910. 

12. Kiricuta, I.: L'emploi du Grand Epiploon dan la Chirugie du 
Sein Cancereux. Presse. Med., 71:15, 1963. 

13. Maloney, J. V., Schmutzer, K. J., and Raschke, E.: Paradoxical 
Respiration and "'Pendelluft.'" J. Thorac. Cardiovasc. Surg., 
41:291, 1961. 

14. Martini, N., Starzynski, T. I. and Beattie, E. J.: Problems in 
Chest Wall Resection. Surg. Clin. of North Am., 49:313, 
1969. 

15. Myre, T. T., and Kirklin, J. W.: Resection of Tumors of the 
Sternum. Ann. Surg., 144:1023, 1954. 

16. Powers, J. C., Fitzgerald, J. F., and McAlvanah, J. J.: The 
Anatomic Basis for the Surgical Detachment of the Greater 
Omentum from the Transverse Colon. Surg. Gynecol. 
Obstet., 143:105, 1976. 

17. Richardson, W. G.: Enchondroma of the Manubrium Sterni 
Successfully Removed by Operation. Br. Med. J. 1:985, 1913. 

18. Schepelmann, E.: Plastische Deckung Nach Mammaamputa- 
tion. Zentralbl. Gynakol., 35:1902, 1924. 

19. Starzynski, T. E., Snyderman, R. K. and Beattie, K. J.: Prob- 
lems of Major Chest Wall Reconstruction. Plastic Reconstr. 
Surg., 44:525, 1969. 

20. Tai, W., and Hasegawa, H.: A Transverse Abdominal Flap 
for Reconstruction after Radical Operations for Recurrent 
Breast Cancer. Plastic Reconstr. Surg., 53:52, 1974. 


Obviously there are many alternatives to breast reconstruction. 
Most of them have attendant problems particularly the donor site 
defect, stiffness and induration of the transplanted skin flap, and 
the necessity of multiple procedures. 

(Slide) This woman had a standard radical mastectomy. She was 
34 years old, desired a reconstruction, and, as a matter of fact, 
was five years after her original disease. An impression is made 
of the chest wall and a silicone gel prosthesis is made not only 
to reproduce the breast mound but also to reproduce the pec- 
toralis. More recently we have been transposing the latissimus 
dorsi to recreate the form of the pectoralis. 

The omentum is transposed over the gel and then a skin graft 
completes the reconstruction. The key to the reconstruction is that 
the defect is recreated. That amount of skin, originally resected, 
which, as you know, can be substantial in a Halsted mastectomy, 
is replaced. The patient thus can be offered a reconstructed breast 
in one operation. 
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Cutting into the human body triggers several 
hemostatic mechanisms... including an in- 
crease in blood coagulation factor activity. 
While the post-surgical patient is bed- 
ridden, this hypercoagulability some- 
times causes clotting in blood pooled in 
the major muscles of the lower limbs. This 

is deep vein thrombosis, and it can be 
avoided in the vast majority of 
patients by preventing blood pooling 
and reducing the defensive hyper- 
coagulability triggered by surgery. 


A safe, non-invasive physical tech- 
nique has been developed in Europe to 
simultaneously improve lower limb circulation and 
increase the bodys natural fibrinolysis. This technique is 
pneumatic intermittent compression (p.i.c.), a physical simu- 
lation of the act of walking. 


During walking, the calf muscles alternately compress the 
right and left lower-leg venous masses. This intermittent 
compression is accurately simulated by the firm, alternating 
pressure of the Berkeley-Flowtron pneumatic intermittent 
compression system. The benefits of p.i.c. include 
both elimination of pooling (1, 2, 3) and stimulation 
of fibrinolysis (4, 5). 


Berkeley-Flowtron 
Intermittent Compression 
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is a preventable 
complication of surgery. 





The human body was designed to be ambulatory. 

And the benefits of simulated ambulation are not 
limited to prevention of post-surgical deep vein 
thrombosis. Pneumatic intermittent compression is 
also a safe, non-invasive technique for the preven- 
tion or reduction of edema associated with venous 

or lymphatic insufficiency (6). The circulation and 
general physical well-being of any bedridden patient 
can benefit from daily therapy with the Berkeley- 
Flowtron system, and the device is inexpensive enough 
($395), simple enough (slip on boots or arm cuffs, 
turn one knob), and quiet enough (virtually inaudible) 
to be applied during nursing home or at-home 
convalescence from major surgery. 
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For a comprehensive brochure/bibliography, write, 
phone (800-227-0591, toll free) or return the coupon. 


Berkeley Bio-Engineering 
600McCormick Street, San Leandro, CA94577 
(415) 568-6800 


Gentlemen: Please send data on pneumatic intermittent 
compression L as prophylaxis against 
deep vein thrombosis, [ in the 
treatment of edema. 
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ful. Other benzodiazepines may show similar 


Valium (diazepam) 
on the hospital formulary 





ee of se properties are e clinically use- 
properties in the laboratory, but clinical 
usefulness for more than one property has 
not been established. Valium is also the only 
benzodiazepine providing diazepam—phar- 
macologically active itself—as well as the other 
active metabolites desmethyldiazepam, 3-hy- 
droxydiazepam and oxazepam. Though it can 
not be related specifically to clinical effects, | 
this aspect of the pharmacokinetic profile of Indication: 


Valium also sets it apart from Psychic — — 
other benzodiazepines. Tension/Anxiety 





tain psychoneurotic states | 


Prenicdicant for 
Excessive Anxiety 
and Tension © 


Skeletal 

Muscle Spasm 
Adjunct for the relief of 
skeletal muscle spasm due 
to reflex spasm to local 
pathology (such as inflam- 







The unique 
Valium (diazepam) 


structure. or Secondary to trauma) 


Spasticity 
Adjunct for the relief of 


motor neuron disorders - 


Certain Convulsive 
Disorders. 


Symptomatic relict often- 
sion and anxiety and cer- 1 


pressive symptoms or agitation, — 
. Administered I.M. (preferred route) _ 
prior to surgery. —— Qu 


... Administered 1.V. prior to cardiover- | | 
- sion and adjunctively prior to endo- 
E scopic procedures. m 


mation of muscles or joints. : 


spasticity caused by upper E 





The following table gives Sepressant drues n e | 
amples of a range of clinical applications — 
unmatched 2 other benzodiazepines. 
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- 
AN d Administered orally, or injectably i ins 
acute cases, for symptomatic relief of 


. tension and anxiety states resulting — 
from stressful circumstances; when- - | 
. ever somatic complaints are associ- 
~ ated with emotional factors; psycho- - 


i : - neurotic states manifested by tension, i 


anxiety, apprehension, fatigue, de- 


“Administered orally or inlectablyin 
^. skeletal muscle spasm associated d 
. with low back syndrome, lumbar or - 


lumbosacral sprain, cervical strain, — . 
fibrositis and osteoarthritis. E 


n Tanni med orally or imectabiy i in z 
.. skeletal muscle spasticity associated _ 


m hemiplegia, quadriplegia, para- 
pega, cerebral palsy; athetosis; ir 
-man syndrome. Administered - 
iniéctaty in tetanus, - s 


- Administered |. V adjunctively i in 


- Status epilepticus and severe recur- 


rent seizures, 


does so much so well. 





Strengths. Another dosage forms and 


of Valium that sets it apart = 


from other ben- 
« zodiazepines. 


diazepam) © 
One of a kind. 


Please turn page for a summary of product information. 


Valium 
diazepam) 


three clinically useful pharmacologic properties 
* an impressively wide range of clinical applications 


e unmatched flexibility in its dosage forms and 
strengths 


* a distinct pharmacokinetic profile that includes 
diazepam and three active metabolites 


Before prescribing, please consult complete product information, a summary of 
which follows: 


Indications: Tension and anxiety states; somatic complaints which are concomitaats 
of emotional factors; psychoneurotic states manifested by tension, anxiety, ap- 
prehension, fatigue, depressive symptoms or agitation; symptomatic relief of acute 
agitation, tremor, impending or acute delirium tremens and hallucinosis due to 
acute alcohol withdrawal; adjunctively in: relief of skeletal muscle spasm due to 
reflex spasm to local pathology; spasticity caused by upper motor neuron disorders; 
athetosis; stiff-man syndrome. Ora! form may be used adjunctively in convulsive 
disorders, but not as sole therapy. /njectable form may also be used adjunctively i a: 
status epilepticus; severe recurrent seizures; tetanus; anxiety, tension or acute str-ss 
reactions prior to endoscopic/surgical procedures; cardioversion. 


Contraindications: Tablets in children under 6 months of age; known hyper- 
sensitivity; acute narrow angle glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 


Warnings: As with most CNS-acting drugs, caution against hazarcous occupatiors 
requiring complete mental alertness (e.g., operating machinery, driving). Withdrarval 
symptoms (similar to those with barbiturates, alcohol) have occurred following 
abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, vomitin; , 
sweating). Keep addiction-prone individuals (drug addicts or alcoholics) under care- 
ful surveillance because of predisposition to habituation/dependence. 


Usage in Pregnancy: Use of minor tranquilizers during first trimester 
should almost always be avoided because of increased risk of congenital 
malformations, as suggested in several studies. Consider possibility of 
pregnancy when instituting therapy; advise patients to discuss therapy if 
they intend to or do become pregnant. 


ORAL: Advise patients against simultaneous ingestion of alcohol and other CNS 
depressants. 


Not of value in treatment of psychotic patients; should not be employed in lieu of 
appropriate treatment. When using oral form adjunctively in convulsive disorders 
possibility of increase in frequency and/or severity of grand mal seizures may require 
increase in dosage of standard anticonvulsant medication; abrupt withdrawal in 
such cases may be associated with temporary increase in frequency and/or severity 
of seizures. 


INJECTABLE: To reduce the possibility of venous thrombosis, phlebitis, local irritation, 
swelling, and, rarely, vascular impairment when used l.V.: inject slowly, taking at 
least one minute for each 5 mg (1 ml) given; do not use small veins, i.e., dorsum Df 
hand or wrist; use extreme care to avoid intra-arterial administration or extravasauon. 
Do not mix or dilute with other solutions or drugs, or add to l.V. fluids. 


Administer with extreme care to elderly, very ill, those with limited pulmonary re=rve 
because of possibility of apnea and/or cardiac arrest; concomitant use of barbitu- 
rates, alcohol or other CNS depressants increases depression with increased ris . of 
apnea; have resuscitative facilities available. When used with narcotic analgesic 
eliminate or reduce narcotic dosage at least 1/3, administer in small increments 
Should not be administered to patients in shock, coma, acute alcoholic intoxicaf*on 
with depression of vital signs. 


Has precipitated tonic status epilepticus in patients treated for petit mal status c 
petit mal variant status. 


Withdrawal symptoms (similar to those with barbiturates, alcohol) have occurree 
following abrupt discontinuance (convulsions, tremor, abdominal/muscle cram as, 
vomiting, sweating). Keep addiction-prone individuals under careful surveillance 
because of predisposition to habituation/dependence. Not recommended for O3 
use. 


Efficacy/safety not established in neonates (age 30 days or less); prolonged CNS 
depression observed. In children, give slowly (up to 0.25 mg/kg over 3 minutes: to 
avoid apnea or prolonged somnolence; can be repeated after 15 to 30 minutes. If no 
relief after third administration, appropriate adjunctive therapy is recommendec. 


Precautions: If combined with other psychotropics or anticonvulsants, carefully 
consider individual pharmacologic effects—particularly with known compounds 
which may potentiate action of Valium (diazepam), i.e., phenothiazines, narcot Zs, 
barbiturates, MAO inhibitors and antidepressants. Protective measures indicated in 
highly anxious patients with accompanying depression who may have suicidal €n- 
dencies. Observe usual precautions in impaired hepatic function; avoid accum 4la- 
tion in patients with compromised kidney function. Limit oral dosage to smalles 
effective amount in elderly and debilitated to preclude ataxia or oversedation (ir itially 
2 to 2%2 mg once or twice daily, increasing gradually as needed or tolerated). 


INJECTABLE: Although promptly controlled, seizures may return; readminister if 
necessary; not recommended for long-term maintenance therapy. Laryngospa .m/ 


2-mg, 5-mg, l0-mg scored tablets 
2-ml Tel-E-Ject disposable syringes 


2-ml ampuls 
I0-ml vials 


5mg /ml 


increased cough reflex are possible during peroral endoscopic procedures; use 
topical anesthetic, have necessary countermeasures available. Hypotension or mus- 
cular weakness possible, particularly when used with narcotics, barbiturates or 
alcohol. Use lower doses (2 to 5 mg) for eiderly/debilitated. 


Adverse Reactions: Side effects most commonly reported were drowsiness, fatigue, 
ataxia. Infrequently encountered were confusion, constipation, depression, diplopia, 
dysarthria, headache, hypotension, incontinence, jaundice, changes in libido, 
nausea, changes in salivation, skin rash, slurred speech, tremor, urinary retention, 
vertigo, blurred vision. Paradoxical reactions such as acute hyperexcited states, 
anxiety, hallucinations, increased muscle spasticity, insomnia, rage, sleep distur- 
bances and stimulation have been reported; should these occur, discontinue drug. 


Because of isolated reports of neutropenia and jaundice, periodic blood counts, liver 
function tests advisable during long-term therapy. Minor changes in EEG patterns, 
usually low-voltage fast activity, have been observed in patients during and after 
Valium therapy and are of no known significance. 


INJECTABLE: Venous thrombosis/phlebitis at injection site, hypoactivity, syncope, 
bradycardia, cardiovascular collapse, nystagmus, urticaria, hiccups, neutropenia. 
In peroral endoscopic procedures, coughing, depressed respiration, dyspnea, 
hyperventilation, laryngospasm/pain in throat or chest have been reported. 


Dosage: Individualized for maximum beneficial effect. 


ORAL—Adults: Tension, anxiety, psychoneurotic states, 2 to 10 mgb./.d. to q.i.d.; 
acute alcohol withdrawal, 10 mg t.i.d. or q.i.d. in first 24 hours, then 5 mgt./.d. or 
q.i.d. as needed; adjunctively in skeletal muscle spasm, 2 to 10 mgt./.d. or q.i.d.; 
adjunctively in convulsive disorders, 2 to 10 mg b.i.d. toq.i.d. Geriatric or debilitated 
patients: 2 to 2V» mg 1 or 2 times daily initially, increasing as needed and tolerated. 
(See Precautions.) Children: 1 to 2¥2 mgt.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 


INJECTABLE: Usual initial dose in older children and adults is 2 to 20 mg I.M. or I.V., 
depending on indication and severity. Larger doses may be required in some condi- 
tions (tetanus). In acute conditions injection may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is usually satisfactory. Lower doses (usually 2 to 5 mg) 
with slow dosage increase for elderly or debilitated patients and when sedative drugs 
are added. (See Warnings and Adverse Reactions.) 


For dosages in infants and children see below; have resuscitative facilities available. 
I.M. use: by deep injection into the muscle. 


IV, use: inject slowly, take at least one minute for each 5 mg (1 ml) given. Do not use 
small veins, i.e., dorsum of hand or wrist. Use extreme care to avoid intra-arterial 
administration or extravasation. Do not mix or dilute with other solutions or drugs; do 
not add to l.V. fluids. 


Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I. V. and severe psychoneurotic 
reactions, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if necessary; acute alcoholic 
withdrawal, 10 mg I.M. or I. V. initially, then 5 to 10 mgin 3 to 4 hours if necessary. 
Muscle spasm, in adults, 5 to 10 mg I.M. or I. V. initially, then 5to 10 mgin 3 to 4 
hours if necessary (tetanus may require larger doses); in children, administer I.V. 
slowly; for tetanus in infants over 30 days of age, 1 to 2 mg I.M. or I.V., repeat every 3 
to 4 hours if necessary; in children 5 years or older, 5 to 10 mg repeated every 3 to 4 
hours as needed. Respiratory assistance should be available. 


Status epilepticus, severe recurrent convulsive seizures (|.V. route preferred), 5 to 
10 mg adult dose administered slowly, repeat at 10- to 15-minute intervals up to 30 
mg maximum. Repeat in 2 to 4 hours if necessary keeping in mind possibility of 
residual active metabolites. Use caution in presence of chronic lung disease or 
unstable cardiovascular status. Infants (over 30 days) and children (under 5 years), 
0.2 to 0.5 mg slowly every 2 to 5 min., up to 5 mg (I. V. preferred). Children 5 years. 
plus, 1 mg every 2 to 5 min., up to 10 mg (slow I.V. preferred); repeat in 2 to 4 hours 
if needed. EEG monitoring may be helpful. 


In endoscopic procedures, titrate I. V. dosage to desired sedative response, generally 
10 mg or less but up to 20 mg (if narcotics are omitted) immediately prior to 
procedure; if I.V. cannot be used, 5 to 10 mg I.M. approximately 30 minutes prior to 
procedure. As preoperative medication, 10 mg I.M.; in cardioversion, 5 to 15 mg I.V. 
within 5 to 10 minutes prior to procedure. Once acute symptomatology has been 
properly controlled with injectable form, patient may be placed on oral form if further 
treatment is required. 


Management of Overdosage: Manifestations include somnolence, confusion, coma, 
diminished reflexes. Monitor respiration, pulse, blood pressure; employ general 
supportive measures, l.V. fluids, adequate airway. Use levarterenol or metaraminol 
for hypotension, caffeine and sodium benzoate for CNS-depressive effects. Dialysis 
is of limited value. 


Supplied: Tablets, 2 mg, 5 mg and 10 mg, bottles of 100 and 500; Tel-E-Dose® (unit 
dose) packages of 100, available in trays of 4 reverse-numbered boxes of 25, and in 
boxes containing 10 strips of 10; Prescription Paks of 50, available singly and in 
trays of 10. Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; Tel-E-Ject® (dispos- 
able syringes), 2 ml, boxes of 10. Each ml contains 5 mg diazepam, compounded 
with 40% propylene glycol, 10% ethyl alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 





FERGUSON’S SURGERY 


OF THE AMBULATORY PATIENT 
Edited by Mark W. Wolcott, M.D. 


Here is the fifth edition of a clinically oriented volume Insect Bites is totally rewritten and enlarged. 
providing a clear "how to do it" approach covering This popular volume has served as a guide to the 
most of the simpler conditions of the skin, bones, doctor in the subject of "minor surgery” for more than 
joints, and bursa in a succinct, easy-to-follow style. thirty years. 

For this revision the material on fracture and on soft Surgery, Gynecology and Obstetrics said of the previ- 
tissue is consolidated, making reference to this infor- cus edition: "This book covers the field . . . admirably, 
mation much easier. New chapters include and it is an invaluable work for every surgeon who 
Cryosurgery, and Shunts and Fistulas for treats patients in his office." 

Hemodialysis. Ambulatory Gynecology is a new sub- 554 pages / 408 illustrations / 5th Edition, 1974 
ject to this edition, and the chapter on Snake Bite and Flexible binding, $27.00 








PERIPHERAL VASCULAR SURGERY 


Edited by Martin Birnstingl, M.D., F.R.C.S. 










This work, a contribution of recognized authorities tial diagnosis, treatment and prognosis. 











writing from their own surgical experience, is a classic The authors provide critical assessment of long-term 
blend of basic scientific knowledge and advanced results of arterial reconstruction in various anatomical 
surgical techniques. Chapters range from Hyperlipo- situations, based on their appreciation of current vas- 
proteinaemia and Vascular Disease to Micro Vascular cular surgery. 

Surgery. ^... a pleasure to read. It is of particular value to the 
Full attention is given to anatomy and physiology, surgeon interested in vascular disease, but it is also an 
etiology, pathology, signs and symptoms, laboratory excellent review book for all interested in newer trends 
tests and such sophisticated modalities as u/trasound in vascular surgery. —The Lancet. 











flow detectors, angiography, phlebography, differen- 447 pages / 143 illustrations / 1973 / $21.00 
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ANAEROBIC INTRA-ABDOMINAL 





INFECTIONS: 


A MATTER OF MORBIDITY AND MORTALITY 





© 1977 The Upjohn Company 


Beware the breached bowel 


Today, it is recogn zed that a majority of postoperative 
wound infections of zhe gastrointestinal tract are 
caused by contamiration of the operative wound by 
endogenous organisms. When the bowel is opened by 
trauma, disease, or surgical manipulation, the 
organisms may gair access to the wound. Often, 
anaerobic fecal microorganisms are the cause of these 
infections. Even where visible spillage of contaminated 
bowel contents does not occur, the rate of sepsis in 
"clean contaminated" wounds is three times 
higher than in wourds contaminated only 
by bacterial fallout "rom the 
environment. 


Mn 
Pul 


TM 


» 
A 


summary 


d 


es fragilis, clostridia species, and anaerobic cocci. 


Anaerobic fecal microorganisms are frequently implicated in the 
| majority of postoperative abdominal wound infections. The major 
culprits are Bacteroi 


Intra-abdominal anaerobic sepsis characterized by peritonitis and abscess 
formation usually starts between the seventh and tenth postoperative days. These 
intra-abdominal infections are associated with a particularly high incidence of 
morbidity resulting in hospitalization of patients for periods of 21 days to 80 days. 
As part of the total management of serious intra-abdominal infections, successful 
antibiotic therapy should incorporate antibiotics indicated and effective against the 
anaerobic as well as the aerobic pathogens that are present. 





The anaerobic trilogy 


In virtually all intra-abdominal 
infections, there is a recurring trilogy 
of anaerobes that are seen either 
singly or in combination, often mixed 
with aerobes. 

» This trilogy is composed of 
Bacteroides fragilis, clostridia 
species, and anaerobic cocci, 
particularly peptostreptococci and 
peptococci. In studies, B. fragilis has 
been isolated from 65% of intra- 
abdominal infections, clostridia in 
60%, and anaerobic cocci in 32%. 


In sepsis, the seventh 
postoperative day 
can be significant 


The common wound 
infections caused by aerobic 
organisms typically develop 
; clinical signs 
around the 
fifth to seventh 
postoperative 


) = day. Sepsis 
S ier A caused by 
P di anaerobic micro- 
9l sms occurs later in the post- 
)perative period, usually between 
enth and tenth days. An intra- 
abdominal wound abscess that 
OCCUrS weeks to several months 
postoperatively is almost always 
due to anaerobic microorganisms, 
often together with facultative 
bacteria. 













Clinical evidence 
of infection important 


The mere presence of aerobic or 
anaerobic bacteria in an operative 
incision is not synonymous with 
clinical infection. The differentiation 
between bacterial contamination and 
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wound infection is a clinical decision. 
Evidence of wound sepsis includes 
wound tenderness that increases 
progressively in severity. Initially 
there is fever without spikes, but 
often spiking occurs in the afternoon 
or ecl returning to normal by 
morning. It is important to emphasize 
that a positive anaerobic culture with- 
out clinical signs is not an infection. 


Clinical course 
of anaerobic infections 


The first event in an anaerobic 
intra-abdominal infecticn is either 
generalized or localized peritonitis. 

If the patient survives early peritonitis, 
the usual progression is walling off of 
the infection, and abscess formation. 
These collections of puscan be 
located intraperitoneally, retro- 
peritoneally, or within the viscera. 
Whether in the early peritonitis stage 
or in the later abscess stage, culture 
of purulent material yields anaerobes 
in the majority of cases. in fact,90% 
to 96% of intra-abdominal infections 
occurring with bowel perforation 
have been reported to be associated 
with anaerobic bacteria. 


Unusually high incidence 
of morbidity 
and mortality 


The highest incidence of anaerobic 
wound infection (usually B. fragilis 
and gram-negative organisms such 
as E. coli may both be isolated) follows 
resection of the large bowel — 10% to 
15%. An infection rate of 596 to 1096 
may occur after surgical procedures 
involving the biliary tract and small 
intestine, whereas the rate following 
gastric or duodenal surgery is some- 
what lower. It should be borne in 
mind that these infection rates are 


for elective operations. However, in 
emergency surgery for perforated 
appendicitis, diverticulitis, or 
traumatic wounds of the intestine, 
the infection rate can approach 40%. 
Moreover, unusually long periods of 
morbidity are generally associated 
with intra-abdominal abscesses. 
Periods of hospitalization ranging 
from 21 days to 47 days for patients 
with intraperitoneal abscesses and 
5/ days to 80 days for patients with 
retroperitoneal abscesses have been 
reported. Mortality rates have 
been reported to range from 296 for 
patients with abscesses complicating 
acute appendicitis to 100% in 
patients with undrained hepatic, 
pancreatic, or retroperitoneal 
abscesses. 


The role of antibiotics 
in therapy 


Marked reduction in morbidity and 
mortality inanaerobic intra-abdominal 
infections Is possible with earlier 
diagnosis, adequate surgical drain- 
age, and proper choice of antibiotics. 
Successful use of antibiotics in 
infections complicating intestinal 
surgery involves knowledge of the 
probable organisms likely to be 
found in various clinical settings, the 
susceptibility of these organisms to 
antibiotics, and the riskofthe _ 
infection to the patient in any given 
set of circumstances. In general, 
antibiotic therapy for serious intra- 
abdominal infections, whether in the 
acute phase or in the chronic 
abscess stage, should include drugs 
to manage anaerobic bacteria as well 
as facultative and aerobic organisms. 

For information on one antibiotic 
to consider in treating serious intra- 
abdominal infections caused by 
infectious anaerobes, please turn 


the page. 
Upjohn 
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Therapeutic considerations... 


Anaerobic activity: Cleocin* 
POs (clindamycin phosphate 
injection) has proved to be effec- 
tive in a variety of serious intra- 
abdominal infections caused by 
susceptible anaerobic orga- 
nisms including gram-positive 
cocci, and gram-positive and 
gram-negative bacilli. Specifi- 
cally, the activity of clindamycin 
has been established in the fol- 
lowing conditions: septicemia; 
serious intra-abdominal infec- 
tions such as peritonitis and 
intra-abdominal abscess; seri- 
ous infections of the female pel- 
vis and genital tract such as FONS 
endometritis, nongonococcal à 
tubo-ovarian abscess, pelvic 
cellulitis, and postsurgical 
vaginal cuff infection; serious 

lower respiratory tract infections 

Such as empyema, anaerobic 
pneumonitis, and lung abscess; 

and serious skin and soft-tissue 
infections caused by susceptible 

Strains of bacteroides, fusobac- 

teria, eubacteria, actinomyces, 
peptococci, microaerophilic 
streptococci, and clostridia? 

Since disc susceptibility testing with current methods 

is not reliable for anaerobes, in vitro dilution methods should 
be used to determine susceptibility to clindamycin. 
Also of value in serious aerobic gram-positive infections 
caused by susceptible streptococci, staphylococci, and 
pneumococci. The use of Cleocin PO; in gram-positive infec- 
tions has been investigated both clinically and bacteriologi- 
cally. Because of the risk of colitis, as described in the 
WARNING box, before selecting clindamycin the physician 
should consider the nature of the infection and the suitability 
of less-toxic alternatives (e.g., erythromycin). 

Indications include: serious lower respiratory tract in- 
fections such as pneumonia caused by susceptible staphylo- 
cocci; serious soft-tissue infections such as deep abscesses 
and deep traumatic or surgical wound infections caused by 
susceptible staphylococci and streptococci; septicemia 
caused by susceptible staphylococci and streptococci; and 
acute hematogenous osteomyelitis caused by susceptible 
staphylococci. In many instances, the evaluated cases 


* Clostridia are more resistant than most anaerobes to clindamycin. Some species. e.g., 
C. sporogenes and C, tertium, are frequently resistant to clindamycin 
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have been secondary to massive 
wounds, surgery, or debilitating 
disease. With few exceptions, 
the organisms proved suscepti- 
ble in vitro and were success- 
fully eradicated from the clinical 
lesions. 

Other therapeutic considera- 
tions: 

l. Cleocin POs (clindamy- 
cin phosphate injection) is 
Clinically effective in serious 
infections caused by penicillin- 
resistant or penicillinase-pro- 
ducing staphylococci. However, 
staphylococcal strains resistant 
to clindamycin have been en- 
countered, and susceptibility 
testing should be performed. 

2. Cleocin POa is useful in 
patients who are sensitive to 
penicillin. Clindamycin does not 
share antigenicity with the peni- 
cillins; however, hypersensitivity * 
reactions have been reported - 
with clindamycin therapy. If a 
hypersensitivity reaction occurs, 
the drug should be discontinued. 
Serious anaphylactoid reactions 
require immediate emergency 
treatment with epinephrine. Oxygen and intravenous corti- 
costeroids should also be administered as indicated. 

Thus, Cleocin POs can fill a need for both penicillin- 
sensitive patients and those with serious infections caused 
by penicillin-resistant staphylococci. 

As with all antibiotics, Cleocin POs should be used with 
caution in atopic patients. Clindamycin has demonstrated 
cross-antigenicity with lincomycin. 

Cleocin POs should be reserved for serious infections 
where less-toxic antimicrobial agents are inappropriate, as 
described in the Indications section of the brief summary on 
the following page. 
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If significant diarrhea or colitis occurs during therapy, 
this antibiotic should be discontinued. (See WARNING 


box and summary of prescribing information on follow- 
ing page.) 
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Cleocin Phosphate 


(clindamycin phosphate injection, N.F.) 


CLEOCIN* PHOSPHATE (clindamycin phosphate 
injection) Sterile Solution —For Intramuscular 
and Intravenous Use. 









WARNING 


Clindamycin can cause severe colitis which 
may end fatally. Therefore, it should be re- 
served for serious infections where less toxic 
antimicrobial agents are inappropriate, 
as described in the Indications Section. It 
should not be used in patients with nonbac- 
terial infections, such as most upper respiratory tract infec- 
tions. The colitis is usually characterized by severe, persistent 
diarrhea and severe abdominal cramps and may be associated 
with the passage of blood and mucus. Endoscopic examina- 
tion may reveal pseudomembranous colitis. 

When significant diarrhea occurs, the drug should be dis- 
continued or, if necessary, continued only with close observa- 
tion of the patient. Large bowel endoscopy has been 
recommended. 

Antiperistaltic agents such as opiates and diphenoxylate 
pg atropine (Lomotil*) may prolong and/or worsen the con- 

ition. 

Diarrhea, colitis, and pseudomembranous colitis have been 
observed to begin up to several weeks following cessation of 
therapy with clindamycin. 




















Each ml contains: 


clindamycin phosphate equivalent to......................ssssssee 150 mg 

clindamycin base 
E APAE ie tO PORNE NAE beo Hei Rd Leda Ad M Op ROSEO 3 Dadds 5 mg 
CSOT eB Deusto dias er sida s Rad Fu vr aia 0.5 mg 
Waller TOF Mme DONT. direc cian oanteSnccsseunta PR ya ilic eaa So Ai doa qs 


When necessary, pH adjusted with NaOH and/or HCI. 

Indications: Cilndanmaein is indicated in the treatment of serious 
infections caused =i susceptible anaerobic bacteria. 

_Clindamycin is also indicated in the treatment of serious infec- 
tions due to susceptible strains of streptococci, pneumococci, and 
Staphylococci. Its use should be reserved for penicillin-allergic 
patients or other patients for whom, in the judgment of the physician, 
a penicillin is inappropriate. Because of the risk of colitis, as de- 
scribed in the WARNING box, before selecting clindamycin the phy- 
sician should consider the nature of the infection and the suitability 
of less toxic alternatives (e.g., erythromycin). 

Anaerobes: Serious respiratory tract infections such as empyema, 
anaerobic pneumonitis and lung abscess; serious skin and soft 
tissue infections; septicemia; intra-abdominal infections such as 
peritonitis and intra-abdominal abscess (typically resulting from 
anaerobic organisms resident in the normal gastrointestinal tract); 
infections of the female pelvis and genital tract such as endometritis, 
nongonococcal tubo-ovarian abscess, pelvic cellulitis and postsurgi- 
cal vaginal cuff infection. 

Streptococci: Serious respiratory tract infections; serious skin and 
soft tissue infections; septicemia. 

Staphylococci: Serious respiratory tract infections; serious skin 
and ae tissue infections; septicemia; acute hematogenous osteo- 
myelitis 

Pneumococci: Serious respiratory tract infections. 

Adjunctive Therapy: In the surgical treatment of chronic bone and 
joint infections due to susceptible organisms. Indicated surgical 
procedures should be performed in conjunction with antibiotic 
therapy. 

Bacteriologic studies should be performed to determine the caus- 

ative organisms and their susceptibility to clindamycin. 
Contraindications: History of hypersensitivity to clindamycin or 
lincomycin. 
Warnings: (See WARNING box.) Mild cases of colitis may respond to 
drug discontinuance alone. Moderate to severe cases should be 
managed promptly with fluid, electrolyte and protein supplementa- 
tion as indicated. Systemic corticoids and corticoid retention enemas 
may help relieve the cclitis. Other causes of colitis should also be 
considered. 

A careful inquiry should be made concerning previous sensitivities 
to drugs and other allergens. Antagonism has been demonstrated 





between clindamycin and erythromycin in vitro. Be- 
cause of possible clinical significance, these two 
drugs should not be administered concurrently. 

Usage in Pregnancy: Safety for use in pregnancy 
has not been established. 

Usage in Newborns and Infants: When clindamy- 
cin phosphate is administered to newborns and 
infants, appropriate monitoring of organ system 
functions is desirable. 

Nursing Mothers: Clindamycin has been reported 
to appear in breast milk in ranges of 07 to 3.8 
mcg/ml. 

Usage in Meningitis: Since clindamycin does not diffuse ade- 
quately into the cerebrospinal fluid, the drug should not be used in 
meningitis. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE. OXYGEN AND INTRAVENOUS 
CORTICOSTEROIDS SHOULD ALSO BE ADMINISTERED AS INDICATED. 
Precautions: Review of experience to date suggests that a subgroup 
of older patients with associated severe illness may tolerate diarrhea 
less well. When clindamycin is indicated in these patients, they 
should be carefully monitored for change in bowel frequency. Pre- 
scribe with caution in individuals with a history of gastrointestinal 
disease, particularly colitis. 

Do not inject intravenously as an undiluted bolus; infuse as di- 
rected in package insert. Indicated surgical procedures should be 
performed in conjunction with therapy. Patients with very severe 
renal disease and/or very severe hepatic disease accompanied by 
severe metabolic aberrations should be dosed with caution and 
serum clindamycin levels monitored during high dose therapy. 

Prescribe with caution in atopic individuals. During prolonged 
therapy, periodic liver and kidney function tests and blood counts 
should be performed. Use may result inovergrowth of nonsusceptible 
organisms, particularly E Should superinfection occur, adjust 
therapy as clinical situation dictates. Clindamycin has been shown 
to have neuromuscular blocking properties that may enhance the 
action of other neuromuscular blocking agents. Use with caution in 
patients receiving such agents. 

Adverse Reactions: Gastrointestinal: Abdominal pain, nausea, vomit- 
ing anc diarrhea. (See WARNING box.) Hypersensitivity Reactions: 
Maculopapular rash and urticaria have been observed. Generalized 
mild to moderate morbilliform-like skin rashes are the most fre- 
quently reported of all adverse reactions. Rare instances of erythema 
multiforme, some resembling Stevens-Johnson syndrome, have 
been associated with clindamycin. A few cases of anaphylactoid 
reactions have been reported. If a hypersensitivity reaction occurs, 
the drug should be discontinued. The usual agents (epinephrine, 
corticosteroids, antihistamines) should be available for emergency 
treatment of serious reactions. Liver: Jaundice and abnormalities in 
liver function tests have been observed during clindamycin therapy. 

Hematopoietic: Neutropenia, eosinophilia, agranulocytosis and 
thrombocytopenia have been reported; no direct etiologic relation- 
ship to concurrent clindamycin therapy has been made. 

Local Reactions: Pain, induration and sterile abscess have been 
reported after intramuscular injection and thrombophlebitis after 
intravenous infusion. Reactions can be minimized or avoided by 
giving deep intramuscular injections and avoiding prolonged use of 
indwelling intravenous catheters. 

How Supplied: Available as sterile solution with each ml containing 
clindamycin phosphate equivalent to 150 mg clindamycin base. 
Ampoules of 2 and 4 ml. 

Caution: Federal law prohibits dispensing without prescription. 

For additional product information see your Upjohn representative. 
J-5429-9 MED B-5-S 


STERILE SOLUTION — FOR INTRAMUSCULAR AND INTRAVENOUS USE 


Cleocin Phosphate 


(clindamycin phosphate injection, N.F.) 
The Upjohn Company, Kalamazoo, Michigan 49001 
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Vistaril I.M. (hydroxyzine HCl). It helps allay 
the excessive anxiety that can heighten the 
patient’s perception of gum and helps assure 
calm and cooperative p ts. Vistaril I.M. 
also helps minimize secondary postoperative 
complaints, and often relieves postoperative 
confusion. 

Vistaril I.M. may enhance the effect of 
injectable analgesics, such as meperidine, 


VisTaril LM. 


(hydroxyzine HCI) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. 
Vials and Isojects’ 


T ET 


Please see Brief Summary on follou in ! 


significant depressant effects on respiratory or 
circulatory function and often reduces post- 
operative emesi 

[t is Fi IN compatible with most 
commonly used analgesics, and can be mixed 
with them in the same syringe. 

Alone, or as an adjunct for use in the man- 
agement of postoperative pain, the maximum 
recommended dosage of Vistaril I.M. is 100 mg. 
While the analgesic dosage needed will usually 
be reduced, the actual dosage of Vistaril I.M. 
should be titrated against the individual patient's 
clinical response. 


Pfizer LABORATORIES DIVISION 
PFIZER INC 





ing page for contraindications, precautions and adverse reactions. 
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Slaril LM. 


(hydroxyzine HCI) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. 
Vials and Isojects* 








helps relieve the anxiety associated with 
postoperative pain 








may enhance narcotic effect 














offers proved antiemetic action 




















Brief Summary 

VISTARIL? (hydroxyzine hydrochloride) Intramuscular Solution 

For Intramuscular Use Only 

Contraindications: Hypersensitivity to hydroxyzine. The solution for 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, rat, and 
rabbit, induced fetal abnormalities in the rat at doses substantially above 
the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may pctentiate the action of central nervous 
system depressants such as narcotics and barbiturates. In conjunctive 
use, dosage for these drugs should be decreased as much as 5096. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
for intramuscular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has been used. 
Hydroxyzine intramuscular solution should be injected well within the 
body of a relatively large muscle. In adults, the preferred sites are the 
upper outer quadrant of the buttock (i.e., gluteus maximus), or the mid- 
lateral thigh. In children, preferably the mid-lateral muscle of the thigh. 


In infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in orde 
to minimize the possibility of damage to the sciatic nerve. The deltoid 
area should be used only if well developed, such as in certain adults an 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular injection 
Adverse Reactions: Drowsiness may occur; if so, it is usually transitory 
and may disappear in a few days of continued therapy or upon dosage 
reduction. Dryness of the mouth may occur with higher doses. Involun- 
tary motor activity, including rare instances of tremor and convulsions, 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (hydroxyzine HCI) Intramuscular Solution: 25 mg./ml.— 
10 ml. vial; 50 mg./ml.—2 ml. and 10 ml. vial; Isoject®, 25 mg./ml. and 
50 mg./ml., 1 ml. fill; 100 mg./2 ml., 2 ml. fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg./ml., 10 ml. vial) 

VA Depot: NSN 6505-00-052-1367B (50 mg./ml., 10 ml. vial) 


More detailed professional information available on request. 
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An oal anticancer chemotherapeutic 
agent useful in the management of: D 
1/orimary and metastatic 
-brain tumors, fo lowing appropriate 
* surgery and/or radiot RM. 
2/ Hodgkins disease, as a 
secondary therapy | 




















CeeNU is to be used in the above indications as 
palliative therapy in addition to other modalities, or 
in established combination therapy with other 
approved chemotherapeutic agents. 

The oral formulation of CeeNU™ provides 
a significant advantage for patient management, 
both in the hospital and, when feasible, on an XN. 7 
outpatient basis. D E^ ^ 

'e å Since the major toxicity with CeeNU™ ATE — 
is delayed bone marrow suppression, blood UN eC 
counts should be monitored weekly for at i 


least 6 weeks after each dosage. 
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Supplied: 10 mg, 40 mg and 100 mg 
capsules. 

The package consists of six cap- 
sules of the following sizes: For further information on CeeNU (lomustine [CCNU] ), 
Blenoxane (sterile bleomycin sulfate), Mutamycin (mitomycin for injection), 
fill out business reply card. 
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here 


I would like further information on CeeNU™(omustine [ccnu]) [C] 


Blenoxane® o 
(sterile bleomycin sulfate) 


™ 
Mutamycin [] 


(mitomycin for injection) 





twol0mg  two40mg  twol00 mg 
capsules capsules capsules 


- By combining certain capsule 
sizes, the physician can titrate the 
actual dosage to within 10 mg of 
the calculated dosage based on 
body surface area. 


For Brief Summary of Prescribing 
Information, see reverse side. 
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CeeNU™ (lomustine [CCNU]) 
For complete information, consult 
Official Package Circular. (3) 3/77 


Warning 


CeeNU should be administered by 
individuals experienced in the use 
of antineoplastic therapy. 

Since the major toxicity is de- 
layed bone marrow suppression, 
blood counts should be monitored 
weekly for at least 6 weeks after 
a dose. (See " Adverse Reactions’”’.) 

At the recommended dosage, 
courses of CeeNU should not be 
given more frequently than every 
6 weeks. 

Caution should be used in ad- 
ministering CeeNU to patients with 
decreased circulating platelets, 
leukocytes, or erythrocytes. (See 
"Dosage and Administration ') 

Liver function should be moni- 
tored periodically. (See "Adverse 
Reactions") 





Indications. CeeNU is indicated as 
palliative therapy to be employed in 
addition to other modalities, or in 
established combination therapy with 
other approved chemotherapeutic 
agents in the following: 

Brain tumors—both primary and 
metastatic, in patients who have 
already received appropriate surgical 
and/or radiotherapeutic procedures; 

Hodgkin's disease—as a secondary 
therapy. 

Contraindications. CeeNU should not 
be given to individuals who have 
demonstrated a previous hyper- 
sensitivity to it. 

Warnings. Safe use in pregnancy has 
not been established. CeeNU is 
embryotoxic and teratogenic in rats 
and embryotoxic in rabbits at dose 
levels equivalent to the human dose. 
CeeNU also affects fertility in male 
rats at doses somewhat higher than 
the human dose. 

CeeNU is carcinogenic in rats and 
mice, producing a marked increase 
in tumor incidence in doses approxi- 
mating those employed clinically. 





BUSINESS REPLY CARD 


No postage stamp necessary if mailed in the United States 





Postage will be paid by 


BRISTOL LABORATORIES 


Division of Bristol-Myers Company 


P.O. Box 188 
E. Syracuse, New York 13057 


Precautions. ~eeNU (lomustine 
[CCNU]) sho ild be administered by 
individuals experienced in the use of 
antineoplastic therapy. 

Since the major toxicity is delayed 

bone marrow suppression, blood 
counts shoulc be monitored weekly 
for at least 6 weeks after a dose. 
(See "Adverse Reactions.) At the 
recommende 1 dosage, courses of 
CeeNU shoul not be given more 
frequently thcn every 6 weeks. 

Caution sheuld be used in admin- 
istering CeeNU to patients with 
decreased circulating platelets, leu- 
kocytes, or erzthrocytes. (See "Dosage 
and Administation”’.) 

Liver function should be moni- 
tored periodically. (See "Adverse 
Reactions" .) 

Adverse Reactions. Nausea and vomit- 
ing may occu: 3 to 6 hours after an 

oral dose and usually last less than 

24 hours. The requency and duration 
may be reduced by the use of anti- 
emetics prior > dosing and by the 
administratior of CeeNU to fasting 
patients. 

Thrombocy penia occurs at about 
4 weeks after a dose of CeeNU and 
persists for 1 te 2 weeks. 

Leukopenia occurs at about 6 weeks 
after a dose of'CeeNU and persists 
for 1 to 2 weeks. Approximately 65% 
of patients develop white blood 
counts below *000 wbc/mm? and 
36% develop white blood counts 
below 3000 wEc/mm3. 

CeeNU may produce cumulative 
myelosuppression, manifested by 
more depressed indices or longer 
duration of sur pression after repeated 
doses. 

Other toxicit es: Stomatitis, alopecia, 
anemia, and h»patic toxicity, mani- 
fested by transient reversible elevation 
of liver function tests, have been 
reported infrecuently. 

Neurologica reactions such as 
disorientation, lethargy, ataxia, and 
dysarthria haw been noted in some 
patients receiv ng CeeNU. However, 
the relationshi» to medication in these 
patients is unc. ear. 
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FIRST CLASS 
Eermit No. 1521 
E. Syracuse 
Mew York 13057 


Dosage and Administration. The 
recommended dose of CeeNU 
(lomustine [CCNU)]) in adults and 
children is 130 mg/M?2 as a single 
dose by mouth every 6 weeks. 

In individuals with compromised 
bone marrow function, the dose should 
be reduced to 100 mg/ M2 every 
6 weeks. 

A repeat course of CeeNU should 
not be given until circulating blood 
elements have returned to acceptable 
levels (platelets above 100,000/mm?; 
leukocytes above 4,000/mm?). Blood 
counts should be monitored weekly 
and repeat courses should not be 
given before 6 weeks because the 
hematclogic toxicity is delayed and 
cumulative. 

Doses subsequent to the initial dose 
should be adjusted according to the 
hematologic response of the patient 
to the preceding dose. The following 
schedule is suggested as a guide 
to dosage adjustment. 


Nadir After Prior Dose Percentage of Prior 


Leukocytes Platelets Dose to be Given 


>4000 > 100,000 100% 
3000-3999 75,000-99,999 100% 
2000-2999 25,000-74,999 70% 

<2000 < 25,000 50% 


When CeeNU is used in combina- 
tion with myelosuppressive drugs, the 
doses should be adjusted accordingly. 
Supply. This dose pack of CeeNU 
(lomustine [CCNU]) Capsules 
contains: 

NDC 0015-3032-13—2—100 mg capsules 

(Green/Green). 

NDC 0015-3031-13—2—40 mg capsules 

(Purple/Green). 

NDC 0015-3030-13—2—10 mg capsules 

(Purple/Purple). 

Directions to the Pharmacist: The cap- 
sules are to provide enough medication 
for a single dose. The total dose pre- 
scribed by the physician can be 
obtained (to within 10 mg) by deter- 
mining the appropriate combination 

of the enclosed capsule strengths. 

The appropriate number of capsules 
of each size should be placed ina 
single vial to which the patient infor- 
mation label (gummed label provided) 
explaining the differences in the ap- 
pearance of the capsules is affixed. 

Example: A patient dose of 240 mg 
can be obtained by combining two 
100 mg capsules and one 40 mg cap- 
sule. The remaining capsules (if any) 
should be discarded. 

A patient information sticker, to be 
placed on dispensing container, is 
enclosed. 

For information on package sizes 
available, refer to the current price 
schedule. 
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Chemotherapy of Sarcomas of the Limbs 


by Regional Perfusion 


EDWARD T. KREMENTZ, M.D.,* R. DAVILENE CARTER, M.D.,t CARL M. SUTHERLAND, M.D.,t IAN HUTTON, F.R.C.S.§ 


From 1957 to 1975, 113 patients with sarcoma of the ex- 
tremities have been treated with chemotherapy by regional 
perfusion, either alone or as an adjunct to excisional surgery. 
Perfusion alone in 54 patients was associated with an early 
response rate of 83%, but only four patients had complete 
regression of tumor for longer than three months. When 
perfusion was followed by immediate or delayed excision, 
better results were obtained. In 49 Stage I patients and in 24 
Stage II patients, cumulative survivals of 66% and 59% were 
obtained at five years and 66% and 51% at 10 years. The 
procedure has also been useful in saving functional limbs by 
converting tumors to operability, and in the palliation of pain 
and ulceration. 


N 1957, CHEMOTHERAPY of cancer by isolated re- 
l gional perfusion of the affected part was first carried 
out in the Department of Surgery at Tulane Uni- 
versity.*!5* In the following 18 years, 1,000 patients 
have undergone 1,143 perfusions, and this procedure 
has become a valuable part of our surgical armamen- 
tarium against cancer. The technique of perfusion has 
undergone a continuous process of evolution since it 
was first described, and improvements are incor- 
porated in the method each year. This report will 
describe our experience in the treatment of 113 sar- 
comas arising in the limbs. As the number of cases 
of sarcoma seen in any one institution usually are 
limited in number and include a widely variable bio- 
logic behavior, a controlled clinical trial was not begun. 
Nevertheless an appraisal of our results in the treat- 
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ment of sarcomas of the limbs by perfusion is of value 
in the practical management of these cases and will 
be presented. 


Techniques of Perfusion 


Methods used for perfusion of the upper and lower 
limbs have been described in detail,’ but changes have 
recently been made in the technique (Fig. 1), A dis- 
posable sterile oxygenator (the Bentley Temptrol®) is 
currently in use, which adds greatly to the speed and 
convenience of the procedure. A Sarns low flow rotary 
pump is used to maintain the extracorporeal circula- 
tion, using gravity drainage on the venous side which 
removes the need for a second venous pump. A com- 
mercial micropore filter is used in the arterial line to 
remove microaggregates. A mixture of 95% oxygen and 
576 carbon dioxide is bubbled through the oxvgenator. 
This eliminates the tetanic muscle spasms due to 
alkalosis which occur when pure oxygen is used. 

For many years little attention was paid to the 
temperature of the arterial perfusate other than to 
warm it to body temperature to avoid arteriolar 
constriction. Recently, however, Cavaliere et al.? 
in Rome and Stehlin? in Houston have shown that 
hyperthermia has a specific tumoricidal effect and that 
drug activity is greater at higher temperatures. Since 
these reports we have increased the temperature of the 
perfusate to a maximum of 41?. Above this level 
alkylating agents undergo rapid hydrolysis. The limb 
temperature is continuously monitored during the pro- 
cedure by subcutaneous thermistor needle probes in- 
serted in the deep subcutaneous tissues. As well as 
warming the perfusate, external heat is applied to the 
limb by means of Aquamatic K-pads? or a 
small Blanketrol®. Drugs are not added to the circuit 
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until the limb temperature has reached or exceeded 
37°, which may take 15 minutes of perfusion time. 

The chemotherapeutic agents currently used in per- 
fusion for sarcoma are melphalan (1-phenylalanine 
mustard), dactinomycin (Actinomycin D), and mechlo- 
rethamine (nitrogen mustard), usually in combination. 
Melphalan is added to the circuit in aliquots not ex- 
ceeding 20 mg at intervals of three minutes until the 
total dose is reached (Table 1). Actinomycin D is a 
rapidly acting drug and is added in small doses (0.1 
mg) at two minute intervals. Twenty-five minutes after 
the first drug has begun to circulate, a small dose of 
nitrogen mustard (10—15 mg) is added in 2 mg ali- 
quots every two minutes and the perfusion is carried 
on for a further 20 minutes. 

Forty of our 123 sarcoma perfusions have been 
done using melphalan alone. Nitrogen mustard has 
been used alone in 39, and a combination of mel- 
phalan and actinomycin D in 20. The remaining 24 


TABLE 1. Perfusion for Sarcoma of Limbs 
Drug Dosage in Mg/Kg* 





Drug Upper Lower 
DENEN "———————ÜMME M EMEEpaac da Mn n. 
Melphalan .6- 1.0 1.0-1.4 
Nitrogen Mustard .06-.12 .09-..15 
Melphalan .6- 1.0 .8- 1.4 

+ Actinomycin D .003 — .007 .006-.015 
Melphalan .4-.8 .7-1.2 

+ Actinomycin D .003 — .007 .006- .015 

+ Nitrogen Mustard .06—.10 .09—.12 


a 


* Arterial temperature 41°. 
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perfusions have been carried out with agents such as 
S.fluorouracil, Adriamycin®, Thio-TEPA®, Epodyl® 
and more recently the combination of drugs as de- 
scribed above. 

At the end of perfusion, residual drug is washed 
from the vessels of the limb using 250 ml of low molec- 
ular weight dextran followed by 250 ml of whole blood. 

Perfusion is always carried out when possible with 
the primary tumor intact before excisional surgery. 
to avoid the risk of tumor cell implantation. 


The Patients 


From June, 1957 to December, 1975, 113 patients 
with soft tissue and bone sarcomas of the limbs have 
undergone perfusion on 123 occasions. 

The distribution of these patients by sex and age 
is shown in Figure 2. The sex incidence is nearly 
equal with 59 males and 54 females. The highest 
tumor incidence was found in patients aged 41—50 
which is lower than usually seen with many neo- 
plasms. Of interest is the relatively large number of 
patients in the 0—10 and 11—20 age groups, a reflection 
of the high incidence of rhabdomyosarcoma, osteo- 
genic sarcoma and anaplastic sarcoma seen in children. 
The biphasic curve of age incidence is noted in 
other reports on this subject.''? Our youngest patient 
was a girl 15 months of age with a rhabdomyosarcoma 
of the calf. and the oldest was an 84 year old man 
with a myosarcoma of the thigh. 

Most of our patients came from South Louisiana, and 
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59% were treated at Charity Hospital of Louisiana at 
New Orleans. The ratio of white patients to black in 
the Charity Hospital Tumor Registry (44,149 patients 
from 1948 to 1974) is 1:1.2. However, our series con- 
tained 76 white and 37 black patients, a ratio of 
2:1 (Fig. 3). This preponderance of white patients may 
reflect referral patterns, but seems to indicate a higher 
true incidence of sarcoma of the extremities in the 
white patients in this area. 

Table 2 lists the sites of the tumors in the patients. 
Lesions of the upper limb occurred in 34 patients, 
usually above the elbow. The thigh was most fre- 
quently involved in the 79 patients with sarcomas of 
the lower limb. 

Most patients had a single perfusion. However, 
seven patients underwent perfusion on two occasions, 
and one patient had the procedure carried out four 
times for a chondrosarcoma of the forearm. 


The Primary Tumors 


The primary tumors (Table 3) were classified into 
27 histological types, including a group of 7 tumors 
for which specific diagnosis was not made. Desmoids 
were included in the tumors of fibrous tissue origin. 
These are widely invasive locally but rarely metastasize 
to distant sites, and are considered to fall into the 
category of low grade fibrosarcoma. Tumors differing 
widely in behavior from those growing slowly and con- 
fined locally to highly malignant anaplastic sarcomas 
were found in the group of liposarcomas. 

Most of the tumors of muscular origin were found 
in children (8 of 12) and were rhabdomyosarcomas. 
Sarcomas arising from bone also occurred most com- 
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Fic. 2. Extremity sarcoma: incidence by sex and age by decade. 
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Fic. 3. Sarcoma of extremities according to sex and race. 


monly in the first decade. The remaining sarcomas 
were mainly of synovial (10) and vascular (8) origin. 


Staging 


Determination of the extent of spread of the tumors 
was considered an essential part of the assessment of 
the patients before treatment. For this study the 
patients were staged as follows: Stage /—Included 
those patients in whom spread beyond the primary 
lesion could not be demonstrated, or those who had 
undergone excisional biopsy of the primary tumor else- 
where, had been referred for further treatment and had 
no evidence of distant metastases. Stage /]—Included 
those patients who had locally recurrent tumors follow- 
ing previous excision, those with extensive regional 
disease, or regional soft tissue or nodal metastasis. 


TABLE 2. Sites of Sarcoma of the Limbs Treated by Perfusion 


Site No. Patients No. Perfusions 
Limb 113 123 
Upper 34 37 
Arm 20 20 
Forearm 1] 14 
Hand 3 3 
Lower 79 86 
Thigh 53 59 
Leg 17 17 
Foot 9 10 
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TABLE 3. Chemotherapy by Regional Perfusion—113 
Sarcomas of Limbs —Histologic Diagnosis 





Types of Sarcomas 
All Stages No. Cases 








Fibrous 3] 
Fibro | 
Fibroxantho 
Spindle cell 
Desmoid 
Fibromyxo 
Myxo 

Lipomatous 17 
Lipo 14 
Lipomyxo 3 

Muscular 12 
Rhabdomyo 8 
Leiomyo 2 
Alveolar cell 2 

Osseous and cartilagenous 12 
Osteogenic 7 
Chondro ! 

Ewing's l 

Extraosseous 4 
Osteo 2 
Parosteal 2 

Synovial 10 
Synovial 8 
Epitheloid 2 

Vascular 8 
Kaposi 4 
Hemangio 2 
Lymphangio 
Hemangiopericytoma 


—tyew A nn 


Lymphatic 5 
Reticulum cell 3 
Lympho 2 

Neural 4 
Neurofibro 3 
Neurogenic | 

Mesodermal 3 
Mesenchymoma 3 

Unclassified 7 





Stage III—1|nto this category were placed those 
patients with tumors present elsewhere than the limb 
of origin. 

Table 4 indicates the stages of the patients with 
the various tumor types when first seen in this study. 
Just over half of the patients (56%) were found to 
be Stage I, 33% were Stage II, and 11% were Stage 
III. The most common two histological types (fibro- 
sarcoma and liposarcoma) help to form this general 
pattern, with most patients being seen in Stage I of 
these classifications. The same approximate propor- 
tions were found in the patients with tumors of muscle. 
It is of interest that 25% of our patients with tumors 
arising in bone, cartilage and synovium were at Stage 
III on presentation, which reflects the poor prognosis 
associated with these lesions. Of the Stage II patients, 
13 (35%) had extensive regional disease and 18 (49%) 
had regional soft tissue metastases at presentation. In 
Stage III, five patients (38%) had metastasis present be- 
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yond the regional lymph nodes in groin and axilla, and 
eight patients (62%) had metastases in distant organs. 


Methods of Management 


At presentation, the patients were assessed as to 
their fitness for surgery. Staging of the disease was 
carried out by clinical examination, and radiographs 
were obtained of chest and axial skeleton. Liver and 
bone scanning was carried out increasingly frequently 
after 1969 and is now done routinely. On the basis 
of these investigations, the patients were categorized 
according to stage. 

A tissue diagnosis was considered essential to enable 
classification of the histological type and to estimate 
the probable behavior of the tumor. This was carried 
out by excisional biopsy of smaller lesions or inci- 
sional biopsy of the larger ones. When the tumor had 
been excised elsewhere before referral, the histological 
sections were reviewed. Section review has been 
carried out in the light of new histologic classifica- 
tions and occasionally such a review has led to a 
change in diagnosis. For example, one of our early 
patients was thought to have a well-differentiated 
rhabdomyosarcoma. This diagnosis has been revised 
to that of fibroxanthosarcoma, a classification proposed 
by Kempson and Kyriakos in 1972.* | 


Indications for Perfusion 


The three reasons to use this procedure in sarcoma of 
the extremities are presented below: 1) To improve 
survival in curable lesions. There is a high incidence 
of local recurrence in sarcoma after excision of even 
small tumors"? and systemic metastases often occur 
after amputation. Perfusion before ablation of tumor or 
limb can kill free malignant cells, and possibly stop 
the dissemination of cells caused by handling the tumor 
during excision. In our Stage I patients with resectable 
and potentially curable lesions, perfusion through the 


TABLE 4. Chemotherapy by Regional Perfusion: Sarcomas 
of Limbs by Stage and Tissue Type 











Tissue Type Total Stage | Stage II Stage III 
Fibrous 3l 16 12 3 
Fatty 17 10 6 | 
Muscular 12 5 4 3 
Osseous & 

cartilagenous 12 6 3 3 
Extraosseous 4 3 | () 
Synovial 10 6 3 l 
Vascular 8 4 4 0 
Lymphatic 5 3 2 0 
Neural 4 2 2 0 
Mesodermal 3 2 0 | 
Unclassified 7 6 () l 

Total 113 63 (56%) 37 (33%) 13 (11%) 


ne 
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iliac, femoral, or axillary vessels was followed by 
immediate or delayed wide excision of the primary 
tumor. 2) To convert an inoperable tumor to an oper- 
able one. It is possible to salvage a potentially useful 
limb, if the size of a large tumor could be reduced 
enough to permit local excision. In our series, patients 
who had large or fixed lesions in Stages I or II under- 
went perfusion. If the lesion regressed sufficiently 
within one or two months, a wide excision of the 
tumor was carried out. A similar attempt to reduce a 
tumor mass to operability was made in patients in 
Stage III in whom the tumors extended locally into 
the shoulder or pelvic girdle. 3) To palliate incurable 
disease. Perfusion was carried out in patients with 
limb sarcomas who were known to have pulmonary 
metastases. This was done to avoid growth or halt 
ulceration of the primary or recurrent tumor locally, 
and to save a functioning extremity. Occasionally 
perfusion was carried out only to relieve pain. On 
several occasions, patients refused amputation but 
allowed treatment by perfusion only; this was regarded 
as palliative. 


Assessment of Results 


After treatment, the progress of all patients was 
followed closely. Where the primary lesion could be 
assessed and measured, response was classified into 
four types: no response, a decrease in tumor size of 
less than half the original, a decrease of more than 
half the original size, and complete regression, with 
disappearance of all visible tumor. Where tumor re- 
sponse could not be measured, cumulative survivals of 
, the various groups were calculated. 


Results of Treatment 


Our patients fell into three categories. Firstly were 
those patients treated with chemotherapy by regional 
perfusion alone, with no excisional surgery attempted. 
Secondly were those patients who had a perfusion im- 
mediately before excision of the tumor, as adjunctive 
therapy. Thirdly came those patients who underwent 
perfusion in an attempt to convert the tumor from 


an inoperable to an operable size (the delayed ex- 
cision group). 


Regional Perfusion Alone (Table 5) 


This was carried out in 39 patients (3496 of the 
total) in all stages of their disease, who had de- 
clined amputation or wide excisional surgery or in 
whom palliation only was necessary. There were two 
deaths in this group within the month following 
operation. 
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TABLE 5. Chemotherapy by Regional Perfusion: 
Response of Sarcomas to Perfusion 


Perfusion & 
Perfusion Alone Delayed Excision 
Stage Stage Stage Stage Stage Stage 

I I II] I I] IH 

No. patients 14 13" [2° 8 8 l 
Extent of re- 

sponse: 

None 2 l 4 | | — 
Less than 

50% 9 4 5 3 4 — 
More than 

50% | 3 2 2 3 l 

Complete 21 2i 0 0 0 — 


* One postoperative death in Stage II and Stage III. 

* One hemangiopericytoma recurred at 24 months. One rhab- 
domyosarcoma — no evidence of disease at 30 months. 

t Fibrosarcoma recurred at 6 months. Lymphosarcoma recurred at 
3 months. 


Response of Tumor Size 


Of the 39 patients, seven (1996) were judged to 
have had no response to perfusion alone. Eight patients 
(22%) had a decrease in tumor size of more than 
half the original, and 18 patients (48%) had a decrease 
of less than half the original tumor size. Four patients 
(11%) had complete disappearance of all traces of 
tumor. The numbers of patients were too small to 
draw conclusions about the association of stage of the 
disease with tumor response. 


Symptomatic Response 


In the assessment of the results of perfusion alone 
in this group of patients, it is of importance to deter- 
mine whether symptoms due to the tumor are relieved. 
The degree of pain present in the limb was assessed 
when the patient first presented. Of the 39 patients, 
7 (18%) had "severe" pain, 11 (28%) were suffering 
"moderate"' pain, 14 (36%) did not complain of pain, 
and the observation was not recorded in 7 cases (18%). 
The response of these patients to perfusion is shown in 
Table 6. It can be seen that some pain relief is fre- 


TABLE 6. Responses of Sarcoma Pain to Perfusion 
(All Stages of Disease) 


Mod- 

Degree No. of No erate Dramatic Un- 

of Pain Pts. Relief Relief Relief assessed 
Intense 7 3 P. 2 
Moderate 11 3 4 3 l 
Not present 14 — — — 
Unassessed 7 — — ind — 

Total 39 
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Fic. 4. Results of chemotherapy by regional perfusion alone. 


quent after perfusion, and attempted palliation of local 
tumor pain by perfusion alone seems worthwhile. Of 
the 26 patients who had some evidence of tumor regres- 
sion, 11 (42%) had objective tumor softening, which 
may have contributed to pain relief. 

The average duration of response in those patients 
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with a less than 50% reduction in tumor size was 
only 1.8 months (1-4 months). Many of these patients 
received systemic chemotherapy in addition to the 
initial regional perfusion. 

The cumulative survival curves of the perfusion 
only patients are revealing (Fig. 4); only Stage I 
and II patients have been included. In the Stage I 
group, only four patients (28%) survived one year, and 
the 5-year cumulative survival was 19%. The Stage II 
patients treated by regional perfusion had a somewhat 
better cumulative survival (47%) at five years. This 
paradox may be partly explained by the locally recur- 
rent Stage II lesions (35% in our series) some of which 
were histologically of low grade malignancy, with a 
lesser tendency towards systemic metastasis. Thus de- 
spite a high initial response rate of the tumors to 
perfusion along (86% for Stage I and 92% for Stage II). 
only one Stage I patient remained free of disease for 
more than two years. In the Stage II group, all pa- 
tients surviving more than one year have had additional 
local surgery for recurrent disease. 


Case Report 


In March, 1974, a 14 month old girl was shown on biopsy to have 
a Stage I embryonal rhabdomyosarcoma of the right calf (Fig. 5a). 
Perfusion of the limb was carried out shortly afterwards using 
melphalan, actinomycin D and nitrogen mustard, under hyper- 
thermic conditions. Within one month the tumor mass was no 
longer palpable. A course of chemotherapy using vincristine, 
cyclosphosphamide and actinomycin D was given over a period 


Fics. Sa and b. Embryonal 
rhabdomyosarcoma of right 
calf. a) After biopsy— 
March 1974. b) Ten months 
after perfusion with Vin- 
cristine, Cyclophosphamide 
and Actinomycin D. 
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of two years, following schedule described by Holton et al.® 
There has been no evidence of local recurrence or metastasis 
to date (Fig. 5b).? 


Perfusion as an Adjunct to Tumor Excision 


In this group of patients, éxcision of the primary 
tumor had been carried out before referral of the 
patient, or was done after perfusion of the limb. 
Included are those patients who underwent *'delayed" 
excision, despite the fact that these patients had large 
or fixed Stage I and II tumors, which may adversely 
affect survival results. There were 73 patients in this 
group, 49 in Stage I of their disease and 24 in Stage II. 

Cumulative survival curves of this group are shown 
in Figure 6. At five years 6696 of the Stage I and 
59% of the Stage II patients were free of disease. 
At 15 years the cumulative survival for both groups 
was 53%. 

Of the 49 patients in Stage I, three patients had 
amputations as part of the primary surgical treat- 
ment. Twelve patients (2476) subsequently developed 
local recurrence, and ten of these patients died of the 
disease. The disease was controlled in two patients, 
one by re-excision of recurrence, and one by amputa- 
tion. Twelve patients developed distant metastases 
without local recurrence. 

Of the 24 patients in Stage II, three required 
amputation as part of their initial treatment. Six 
patients developed local recurrence, controlled in 
three by re-excision of tumor. Thirteen patients died, 
ten as a result of recurrence and three of other 
causes. Eleven are alive, two with recurrent tumor. 


Regional Perfusion with Delayed Excision 
of the Primary Tumor 


The patients undergoing this procedure were se- 
lected on the basis that their primary or recurrent 
tumors were large or fixed, and that amputation 
would otherwise be indicated as part of the treat- 
ment (Table 5). An attempt was made in this group 
to reduce the tumor size by perfusion, to permit a 
wide local excision and hence save a functional 
limb. There were 17 such patients, and the pattern of 
tumor response was similar to that seen in the pa- 
tients who received perfusion only. Two patients (12%) 
showed no sign of response to the initial perfusion, 
but a decrease in tumor size occurred in 15 patients 
(88%), the numbers being equally distributed between 
the patients in Stages I and II. Of the eight 
patients in Stage I, two had large reductions in 
tumor size after perfusion and thereafter underwent 
conservative resection. One is alive and well more 
than seven years after surgery, and the other died 
18 months after surgery of an unrelated cause. Five 
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Fic. 6. Chemotherapy by regional perfusion with excision of sarcoma 
of limbs. 


patients had small tumor responses; one went on to 
conservative resection and four required major 
amputation. The tumor of one patient failed to respond 
to perfusion. 

In the Stage II group, perfusion and delayed excision 
had greater success. Seven of the 8 patients under- 
went conservative resections; only one patient failed 
to respond and required amputation. 

The one Stage III patient in this delayed excision 
group was a boy four years of age who had a 
rhabdomyosarcoma extending into the pelvic girdle. 
Perfusion was followed by a marked tumor regres- 
sion, permitting hemipelvectomy to be carried out. 

It seems, therefore, that in selected cases, perfusion 
may permit less radical surgery. This seems to apply 
particularly in those cases in Stage II, where tumor 
has recurred locally. 


Case Report 


In 1952, a woman 45 years of age had a myxosarcoma excised 
from her lower left leg. The patient was referred to us 16 years 
later with a fixed local recurrence, and amputation seemed the 
only possible treatment. Perfusion with melphalan was followed 
by marked reduction in tumor size. A month later a wide excision 
of the residual mass was carried out and the defect closed with 
a split thickness skin graft. Histology of the operative specimen 
showed necrosis affecting most of the tumor. The patient died 
15 years later of a cerebrovascular accident, with no evidence 
of recurrence or metastasis. 


Correlation of Tumor Histology and 
Response to Perfusion 


It is, of course, important to be able to predict tumor 
response from the original biopsy report. Table 7 shows 
an attempt to correlate tumor histology with survival 
after perfusion and excision in the four groups most 
commonly diagnosed. The analysis is limited to Stage 
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TABLE 7. Survival by Tumor Type; Patients in Stage I 
Treated by Perfusion and Excision 





Percentage Survival 


Tissue No. of 

Type Pts. ly yr 3yr: 5 Years 
Fibrous 14 86 78 64 64 
Fatty 9 89 67 67 
Muscular 3 100 66 33 33 
Osseous 3 33 0 
Synovial 6 100 100 100 80 


I cases, as recurrence may be associated with a change 
in the nature of both tumor histology and behavior. 

It is recognized that the broad categories of tissue 
type contain tumors with a range of differentiation 
from anaplastic to well-differentiated. Our numbers do 
not permit smaller subdivisions of histology to be 
studied. 

The poor survival of osteogenic sarcoma is apparent 
here, as is that of the tumors of muscular origin 
such as rhabdomyosarcoma. However, our small 
series of Stage I synovial tumors treated by perfusion 
and excision has done well up to the present, with 
an 80% five-year survival. 


Complications of Perfusion 


Of the 113 patients treated by limb perfusion, two 
deaths occurred within the month following the pro- 
cedure, and one at 40 days. All of these occurred 
prior to 1960. Since the technique of perfusion has 
been refined, less complications have become ap- 
parent. There was some complication noted in 39 of 
123 perfusions (See Table 8), and these were some- 
times multiple. Three patients required amputation as 
a result of perfusion; one had arteritis from the 
cytotoxic drug, one developed causalgia from nerve 
damage and one developed ischemia following arterial 
thrombosis. 


Discussion 


Prior to the introduction of chemotherapy by per- 
fusion, the response of sarcomas to systemic cytotoxic 
drugs was poor. In our report of 1963, only feur of 
19 patients had partial responses for 1—12 months.” 
The results using regional perfusion have been much 
superior, in that over 80% of the limb sarcomas 
treated in this way have shown objective evidence 
of immediate response. 

It is apparent that after limited excision or enuclea- 
tion of soft tissue sarcomas, local recurrence occurs 
in about 80% of cases.!!7 Radical excision or major 
amputation is associated with a much lower local 
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recurrence rate;!? for example Gerner et al. had an 
896 local recurrence rate following radical surgery.? 
However, radical surgery is not easily accepted by 
patients, and attempts have been made to produce 
the same good results using more conservative surgery 
followed by high doses of radiation. Thus Suit et al.?? 
report a 13% local recurrence rate and Lindberg and 
his colleagues!? an 18% recurrence rate in patients 
treated in this manner. We believe that perfusion 
and more conservative excision of limb sarcomas will 
also produce an acceptably low incidence of local 
recurrence. McBride" reported a 9% local recurrence 
rate and Stehlin et al.?! one of 16% using perfusion 
and excision. Koops? also had a low recurrence rate 
in his patients following this procedure. In our series 
the local recurrence rate was 24% in Stage I cases, 


TABLE 8. Regional Perfusion for Sarcoma of the Limbs 
Complications in 123 Perfusions for Limb Sarcoma * 


Wound 9 
Infection 6 
With dehiscence l 
Bleeding 
Hernia with intestinal obstruction l 


Limb 30 
Thrombophlebitis 
Arterial or venous thrombosis 8 

Requiring surgical intervention 5 
Amputation 
Thrombectomy 
Caval ligation 

Arteritis from chemotherapeutic agent l 
Requiring amputation l 
Nerve damage from chemotherapy 7 
Permanent disability 3 
Amputation ] 
Tissue damage; severe edema, 
erythema, pain, induration, ecchymosis 4 
Skin 3 
Dermatitis l 
Severe chemotherapeutic reaction 
Edema; persistent and severe 4 


Systemic 15 
Pulmonary 7 
Embolus 4 
Death l 
Pneumonia, atelectasis 3 
Hepatitis 
Renal failure 
Death l 
Cardiac 3 
Arrythmia 
Arrest l 
Death l 
Pustular dermatitis l 


Ww 


NN — 


NN 


Bone marrow 20 
Leukopenia 10 
Below 2,000 6 
Below 1,000 4 
Thrombocytopenia (below 50,000) 
Anemia/severe 


oo N 





* Complications occurred in 39 cases. 


Vol. 185 e No. 5 


which may partly be due to differences in patient 
selection. 

The technique of perfusion has the advantage of 
repeatability. In addition, delayed surgery to the limb 
is usually less difficult due to reduction of tumor size. 
We have had several cases where a functioning limb 
has been saved by the conversion of a large, fixed 
tumor treatable only by amputation to a smaller lesion 
which could be locally excised. Delay of wound 
healing due to alkylating agent effect is dissipated 
within three weeks. 

A number of theoretical and real advantages result 
from the technique of regional perfusion: 1) the dose 
of chemotherapeutic drug can be raised to 6 to 10 
times that obtainable by systemic administration; 2) the 
tumor and surrounding tissues are thoroughly perfused 
with the cytotoxic agent; 3) the perfused tissues have 
a Po, higher than normal, which is known to have 
an effect against tumor cells, and which potentiates 
the effects of the alkylating agents!?'?: 4) hyperthermia 
increases drug activity, produces vasodilation, and kills 
tumor cells selectively;??? 5) heparin is said to have 
an anti-metastatic and tumoricidal effect;!* 6) the isola- 
tion of the perfused area minimizes systemic toxicity 
and protects ‘‘host resistance"; 7) the removal of 
unbound agent at the end of the procedure further 
minimizes systemic toxicity; and 8) there is the pos- 
sibility of an autoimmunization process resulting from 
destruction of tumor cells in situ. 

The most important considerations in the treatment 
of sarcomas are quality and length of survival. Our 
results indicate the potential value of perfusion as an 
adjunct to surgical excision for those lesions in the 
limbs. On the basis of these results, it would seem 
desirable for the institution of a multi-centered con- 
trolled clinical trial for the assessment of the effect 
of perfusion on patient survival in sarcoma. There 
remains the difficult problem of the patient with 
locally controlled disease who develops distant 
metastases. The number of patients developing 
distant disease remains consistently high in most 
reports, and further controlled trials are necessary 
to assess the effect of systemic chemotherapy follow- 
ing definitive therapy to the limb. 


Conclusion 


Chemotherapy by regional perfusion for sarcomas of 
the limb alone produces temporary remissions in ap- 
proximately 85% of the patients. Adjunctive chemo- 
therapy by perfusion followed by excision permits a 
more conservative surgical resection with cure rates 
of more than 50% at five, 10 and 15 years, with a 
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local recurrence rate of approximately 20%. The 
method may sometimes offer palliation for sarcomas 
remaining in the limb in the presence of systemic 
metastases. 
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DISCUSSION 


Dr. GEORGE V. SMITH (Jackson, Mississippi): I would just like 
to ask Dr. Krementz a couple of questions. One is: What role 
did the immune process play in the results with perfusion? There 
is a considerable body of evidence gathering that the combina- 
tion of chemotherapy and immunotherapy, or the addition of 
antibiotics humoral therapy with chemicals can play a great role 
in the management of systemic disease. I would also like to 
ask Dr. Krementz what he thinks the role of addition of anti- 
bodies to perfusion of either sarcoma or melanoma might be in 
this area. 

In addition, the problem that I think most of us will get into 
in adopting the work of Dr. Krementz, et al., in the perfusion area 
will be the management of recurrent disease, of both sarcoma 
and melanoma, where one would like to avoid resection or major 
amputation, and where the leg has been perfused perhaps once 
or twice. 

I would like to ask Dr. Krementz’s opinion of the use of BCG 
injections in these lesions. It would seem that chemotherapy added 
to BCG, with nonspecific stimulation given in a remote site or in 
the same extremity, might be a useful adjunct here. 

One of the sarcomas that is not very often perfused is the 
neurofibrosarcoma, because it is not a very rapidly growing tumor. 
I would like to ask Dr. Krementz specifically if he would address 
himself to the problem with a slower growing tumor; the use 
of perfusion and local management of this tumor, versus radical 
resection, as opposed to his approach to some of the more 
rapidly growing tumors where chemotherapy is thought to be the 
most efficient. 


Dr. GEORGE H. A. CLowes, JR. (Boston, Massachusetts): Dr. 
Krementz, I rise to ask a question. And that is: You mentioned 
that you were perfusing the tissues at 110°, if I remember 
correctly, and I would like you to discuss for us the merits of 
hyperthermia locally in its effect on tumors. There’s a great inter- 
est in this field at the present time. Largely, it’s being done 
with diathermy. But I'd like to know what you think about 
the effects of hyperthermia especially with perfusion. 


Dr. EDWARD T. KREMENTZ (Closing discussion): In regard to 
the immune activity in this situation, I think it's very important 
in melanoma patients, and I think we have some evidence to 
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show that the perfusion with melanoma with destruction of tumor 
in situ may set off an immune process. We have seen some 
responses outside of the perfused area in melanoma and long 
after chemotherapeutic effects could be expected. 

I can think of one patient that I transplanted a centrally located 
melanoma to an extremity to perfuse, to see if I could get an 
immune response. I obtained necrosis of the tumor, but no immune 
response. 

With sarcomas, I just have not had any clinical indications that 
this process is at work. There has been extensive tumor destruc- 
tion in some of these patients, but we haven't seen any evi- 
dence that would indicate an immune process resulting. 

We have used BCG in some of these patients. Again, I have not 
been impressed too much with its use in the treatment of sar- 
comas, where you have big, bulky tumors. This doesn't seem to 
be as satisfactory as it is in the smaller satellitosis that you see 
with melanomas. 

With neurofibrosarcomas and with other low-grade sarcomas we 
have had responses. Reduction of the tumor by chemotherapy 
enables one to do wide local excisions and save a functional 
extremity for quite some time. I think you always run a risk 
in these cases of disseminated disease, but I think it's worth it in 
some instances. 

With hyperthermia, we are limiting temperature to 106°F. At 
that point melphalan is supposed to hydrolyze quite rapidly, so we 
don't like to exceed that. We are interested in hyperthermia, 
and have done some work in this area. I just had a patient 
that I intercepted, who was all set to go over and see Dr. 
Pettigrew over in Edinburgh, Scotland to get hyperthermic 
therapy. We convinced her that hyperthermic pelvic perfusion was 
what she needed. This was a woman with recurrent epidermoid 
carcinoma of the anus. She was just treated two weeks ago with 
a hyperthermic nitrogen mustard perfusion, and she's had regres- 
sion of tumor, and complete relief of pain, which was quite 
satisfactory. 

The hyperthermia alone will produce tumor responses. This has 
been demonstrated in experimental animals and in patients— 
Cavaliere in Rome, John Stehlin in Houston. We've done two 
patients now with a hyperthermic perfusion on a cardiac bypass 
type of thing, with water circulating blankets, maintaining their 
temperature at 106° for four hours. Both of these patients with 
diffuse metastases have had some objective responses, but rather 
short term, four to 6 weeks. This is an area that certainly deserves 
a lot of investigation, and I hope we'll see some papers along 
this line in the future here. 


Periampullary Malignancy in Gardner's Syndrome 


Three cases of familial polyposis coli with associated periampul- 
lary malignancies are reported and the literature reviewed, 
which disclosed 16 additional cases. An additional five un- 
reported cases are known to exist. The authors believe that 
the development of periampullary malignancy in FPC is a 
definite extracolonic manifestation of the disease and should 
be considered a variant of Gardner’s syndrome. It is recom- 
mended that all FPC patients with colon polyps undergo 
routine surveillance of the upper gastrointestinal tract and 
that all duodenal polyps discovered be surgically removed 
when feasible. 


AMILIAL POLYPOSIS COLI is a clinical syndrome 
F characterized by the development of multiple 
adenomatous polyps of the colon. The syndrome is 
transmitted as an autosomal dominant gene?55 
of variable penetrance and is associated with the al- 
most inevitable development of colorectal carcinoma 
in the affected patient. Since Gardner’s reports in 
the 1950's5,5^'7 which called attention to this syn- 
drome's extracolonic manifestations of multiple soft 
tissue tumors and osteomata, numerous authors have 
reported on a variety of other tumors and anatomical 
abnormalities suspected of being extracolonic mani- 
festations of the disease. As a result of those re- 
ports, the development of desmoid tumors?* and the 
presence of dental anomalies" are accepted as addi- 
tional manifestations of Gardner's syndrome. The asso- 
ciation of other tumors, such as thyroid tumors? 
or glioblastomas,'-*’ has also been reported. We believe 
that the term ‘‘Gardner’s Syndrome" should be used 
to describe any patient with familial polyposis who 
manifests extracolonic lesions. 

We present here evidence that the risk of develop- 
ment of periampullary malignancy in familial polyposis 
coli patients is a definite manifestation of this syn- 
drome and that the surveillance of patients with 
familial polyposis should include the upper as well as 
the lower gastrointestinal tract. We review all pre- 
viously published reports of the occurrence of peri- 
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ampullary malignancy in familial polyposis and report 
three additional cases. 


Case Reports 


Case 1: A 67-year-old caucasian woman (Fig. 1, 111-2) was 
admitted to Charity Hospital New Orleans on 11/2? 72 with a 10 
day history of painless jaundice without gastrointe: nal or other 
symptoms. She had been known to have familial polyposis since 
September, 1941, when proctoscopy disclosed several polvps in her 
rectum. At the age of 36 she was found to have an adeno- 
carcinoma in one of the polyps and she underwent irradiation 
therapy before an abdominoperineal resection and transverse 
colostomy were performed on 11/5/41. Apparently no further colon- 
oscopy was done until 12/5/57 when multiple polyps were noted 
again, although the results of a barium enema through the 
colostomy on 10/23/50 had been normal. On 4/8/58 she underwent 
a total colectomy and on 11/6/58, an ileostomy revision. 

She was admitted again on 8/26/66 for an evaluation of anemia 
after she was found to have a hematocrit of 21%. Three polyps 
in the posterior wall of the gastric antrum were found. She 
was given iron by mouth. Because of continued anemia and a 
gastric aspirate containing cells suggestive of malignancy, she 
underwent a hemigastrectomy and Bilroth II gastrojejunostomy on 
3/16/67. One of the three gastric polyps in the resected specimen 
contained carcinoma in situ. She had 9 gastroscopic examinations 
in the following two years; no polyps were found unti! 10/7/69, 
when a 2 cm jejunal polyp was described distal to the gastro- 
jejunostomy stoma. Biopsy of that lesion on 10/7/69 and 10/28/69 
disclosed a **hyperplastic polyp.’’ On 10/13/70 two additional small 
bowel polyps were reported, one duodenal polyp in the proximal 
loop amd one jejunal polyp distal to the gastrojejunostomy 
stoma. The polyps were observed repeatedly during six subsequent 
examinations, and one experienced endoscopist described the 
proximal polyp as having a stalk. 

Physical examination on the final admission was unremarkable 
except for the patient's obesity, scleral icterus, and liver palpable 
5 cm below the right costal margin. No soft tissue or bony 
tumors were noted. Laboratory values on admission were as 
follows: hematocrit 33%, WBC 7,300, total bilirubin 33.2 mg/dl (di- 
rect fraction of 22.3 mg/dl), alkaline phosphatase 116 units, 
transaminase 2227 U, serum amylase 600 mg/dl. Chest roent- 
genogram and electrocardiogram were normal. An upper gastro- 
intestinal series disclosed multiple polypoid lesions in the duodenum. 
No small bowel polyps were noted on examination to 25 cm with 
a sigmoidoscope inserted through the ileostomy stoma. A liver- 
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spleen scan was compatible with the diagnosis of diffuse hepato- 
cellular disease. Gastroscopy disclosed a proximal jejunal polyp and 
a duodenal polyp, which biopsy demonstrated to be an adenomatous 
polyp and adenocarcinoma respectively. A transhepatic cholangio- 
gram disclosed dilated hepatic and extrahepatic billary ducts with 
an almost completely constricting lesion at the ampulla of Vater. 
Soon after the cholangiography, the patient became hypotensive 
and underwent emergency laparotomy on 12/14/72. Approximately 
1000 cc of blood were noted in the peritoneal cavity and 
metastatic tumor nodules were seen in the liver. Shortly after a 
0.5 cm liver laceration was repaired and cholecystostomy and 
gastrojejunostomy fashioned, the patient died on the table despite 
resuscitative attempts. At autopsy the duodenal mass was de- 
scribed as an adenocarcinoma arising either in the duodenum or 
ampulla of Vater. 

Case 2: This 49-year-old caucasian woman (Fig. 1, 1C-2), daughter 
of the patient in Case 1, was admitted to Earl K. Long Hospital, 
Baton Rouge, Louisiana, on 4/16/72 after outpatient laboratory 
studies disclosed liver function abnormalities compatible with a 
steadily progressive obstructive jaundice. She had noticed scleral 
icterus 28 days before and complained of upper abdominal 
discomfort, fatty food intolerance, a low grade fever, pruritus, 
and some involuntary weight loss. 

The patient was a member of a family known to have familial 
polyposis and seven years earlier, on 4/23/65, had undergone a sub- 
total colectomy and ileoproctostomy at Charity Hospital New Or- 
leans after a 7 year history of rectal bleeding. Pathological study 
of the specimen disclosed two primary adenocarcinomas of the left 
colon, both Duke's A classification, with 58 nodes negative for 
metastasis. There were polyps involving almost every square inch 
of colonic mucosa, but they were more numerous in the right colon. 
Microscopic examination confirmed their adenomatous type. Pre- 
operative and follow-up studies did not include an upper gastro- 
intestinal series. The patient underwent proctoscopy at monthly 
intervals. During the next 6 months a total of 26 polyps were 
fulgurated or removed, four of which were microscopically ex- 
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amined and determined to be adenomas. She was free of polyps for 
8 months but then had two adenomatous polyps removed on 
8/3/66. From that date to the present admission, no additional 
rectal polyps had been observed. 

Physical examination on admission was unremarkable, except for 
her obesity, icteric appearance, and the presence of a ventral 
hernia. No evidence of soft tissue tumors or osteomas was found. 

Laboratory studies during her admission confirmed a pattern con- 
sistent with obstructive jaundice and were as follows: total bilirubin 
12.4 mg/dl, direct bilirubin 9.0 mg/dl, alkaline phosphatase 630 IU, 
transaminase 50 U, BSP retention 22%, serum amylase 111 U, 
hematocrit 42%, hemoglobin 13.8 gm/dl, WBC 8,300. Clotting studies 
were normal. Results of an upper gastrointestinal series with small 
bowel follow-through, chest roentgenogram, liver scan, and electro- 
cardiogram were all normal. 

On 4/22/72, an exploratory laparotomy disclosed a 2 x 2 cm mass 
palpable in the region of the ampulla of Vater. An en bloc resection 
of the gastric antrum, duodenum, gallbladder, distal common bile 
duct, and head of the pancreas was performed with the common 
bile duct, pancreatic duct, and the gastric pouch anastomosed to 
the proximal jejunum. The surgical specimen contained a 2.5 cm cauli- 
flower-like mass in the ampulla that did not obstruct the pancreatic 
duct. Microscopically, the tumor was a grade two adenocarcinoma 
of the ampulla of Vater; none of the nodes examined contained 
tumor. A pancreatic fistula which developed postoperatively was 
treated with sump drainage and closed on the twentieth postoperative 
day. Routine follow-up examinations through September 1976 have 
disclosed no evidence of recurrent tumor and the patient appears 
healthy. 

Case 3: This 63-year-old caucasian woman (Fig. 2) was admitted 
to Charity Hospital in New Orleans on 4/29/74 having a 6 week 
history of fatigue, anorexia, postprandial emesis, 8 Ib weight loss, 
and a one-week history of jaundice. She gave no history of other 
family members having polyps. In February 1965 she underwent 
a laparotomy in Memphis, Tennessee, for ileocecal intussusception. 
Colonic polyps were palpated at that time and were later confirmed 
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by barium enema, although no polyps were visualized on sig- 
moidoscopy. She gave a history then of having had intermittent 
rectal bleeding for five years. On 3/15/65 she underwent a subtotal 
colectomy and ileosigmoidostomy. During laparotomy a sigmoido- 
scope was used to remove three polyps from the distal sigmoid 
colon. There were "approximately 100 adenomatous polyps"' in the 
colon specimen, but carcinoma was not detected in any of the polyps 
or in any of 22 lymph nodes. 

Physical examination on 4/29/74 disclosed an icteric, thin woman 
having a liver palpable 10 cm below the right costal margin. No 
soft tissue or bony abnormalities were found. Laboratory studies 
were as follows: hematocrit 41%, WBC 7.500, total bilirubin 
17.0 mg/dl, direct bilirubin 12.0 mg/dl, alkaline phosphatase 500 IU, 
transaminase 120 U, serum amylase 300 U, total protein 7.3 gm/dl 
and serum albumin 3.0 gm/dl. Upper gastrointestinal and small 
bowel series, barium enema, celiac and superior mesenteric 
angiography, liver scan, and gastroscopy were all interpreted as 
being normal, except for evidence of compression of the second 
portion of the duodenum noted in the upper gastrointestinal series. 
Proctoscopy disclosed a small, 2 cm pedunculated polyp at 13 cm 
from the anus. The polyp was excised in toto. Microscopic examina- 
tion denoted carcinoma in situ. On 5/23/74, the patient underwent 
a Whipple pancreaticoduodenal resection with gastrojejunostomy 
and choledochojejunostomy. No pancreaticojejunostomy was done. 

Histologic study of the specimen disclosed a small papillary 
carcinoma of the ampulla of Vater with metastasis noted in one 
of two nodes examined. Except for pancreatic ductal ectasia and 


cholelithiasis, no other abnormalities were detected at operation or 


on pathologic examination. Postoperatively the patient developed a 
low output pancreatic fistula that closed in three months while she 
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was being followed up in the outpatient clinic. In December 1974 
she was admitted for evaluation of an abdominal mass believed 
to be a pancreatic pseudocyst and died suddenly on the ward. 
Autopsy permission was not given. 


Discussion 


These three cases, two from the same kindred, are 
reported to document and focus attention on the oc- 
currence of periampullary malignancy in patients with 
familial polyposis coli and to clarify further the 
understanding of this syndrome's extracolonic mani- 
festations (Tables 1, 2). Although some experts are 
of the opinion that familial polyposis coli (FPC) and 
Gardner's Syndrome (GS) are separate entities?59?* we 
believe the stigmata of GS should be considered extra- 
colonic manifestations of FPC??? and merely reflect 
that syndrome's variability of gene penetrance and 
allele combination. Therefore we would consider GS 
to be a variant of FPC and, conversely, would classify 
any FPC patient having extracolonic lesions as an 
example of Gardner's Syndrome. 

The two reported kindreds were not evaluated with 
specific roentgenograms to detect subclinical osteomas 
or dental anomalies but no obvious soft tissue tumors, 
osteomas, or desmoid tumors were noted, and there- 
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TABLE 1. Characteristics of Familial Polyposis Coli 


Inherited as autosomal dominant 

Incidence of 1:6850 to 1:23,790 births 

Clinically symptomatic usually in third to fourth decade but 

age range is from 18 months to 78 years old. 

4. Almost all patients develop colon carcinoma if untreated, usually 
by age 50. 

5. Extracolonic polyps are uncommon; the disease is often con- 

fused with lymphoid hyperplasia. 
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fore these patients would not usually be classified as 
GS. However, we believe that any patient with extra- 
colonic manifestations can properly be categorized as 
having Gardner’s syndrome. 

Case 3 might be questioned as a valid example of 
FPC, because of lack of corroboration by other known 
cases in the family. Since FPC patients manifest re- 
duced biological fitness ,°°* the gene would eventually 
be lost without fresh mutations. This case mav well 
represent such a mutation. Certainly the patient would 
meet the criterion of Morson for diagnosis of FPC, 
which is a colon specimen containing ** 100 or more" 
adenomatous polyps.?? 

Cases 1 and 2 come from a large, well studied 
kindred consisting of more than 165 known members, 
27 of whom have been adequately studied and 14 of 
whom have been found to have polyposis. Of the 14, 
three have had documented adenomatous polyps in the 
stomach. duodenum, or small bowel. Despite that 
apparent tendency for extracolonic polyp formation 
two of the four members treated by colon resection 
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TABLE 2. Extracolonic Manifestations of FPC 





Osteomas and soft tissue tumors 
Dental anomalies 

Desmoid tumors 

Thyroid carcinoma 

Adrenal adenomas/carcinoma 
Ovarian tumors 

Carcinoid tumors 

Intestinal leiomyomas, leiomyosarcoma 
Fibrosarcoma, fibromas, lipomas 
Brain tumors, medulloblastomas 

. Lymphoid hyperplasia of small bowel 
. Skin pigmentation 

. Periampullary malignancy 
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with ileoproctostomy have manifested spontaneous 
regression of rectal polyps, a phenomenon now well 
recognized?! 254143452 and estimated to occur with a 
frequency of 25% after such surgery in FPC patients.?' 
One of the patients has now been followed for 10 
years and the other, the patient in case 2, has been 
followed for almost 9 years without evidence of re- 
currence of rectal polvps. 

Kindred 1 reveals a remarkable tendency to tumor 
formation: 7 other members not included in this re- 
port were said to have malignant tumors in a variety 
of locations. The single case of an astrocytoma (11- 
8) is most likély a coincidental occurrence, since no 
colon polyps were noted at necropsy. One member of 
the kindred had juvenile colonic polyps. Veale has 
postulated’ a genetic model in which a juvenile 
polyposis allele can modify the action of the adenom- 


TABLE 3. Familial Polyposis Coli and Reported Cases of Periampullary Carcinoma 


OS 


Type of 
Patient Data Peri- Duration 
— ampullary of polyps 

Case Author/Year Age Race Sex Carcinoma (Years) Type and Interval of Prior Surgery 
a MEME 

| Cabot (735) 36 Unk M Amp. Vater 0.5 None 

2 Hughes (60) 27 Unk F Pancreas 3 colectomy, ileoproctostomy 2 yrs. 

3 MacDonald (67) 36 W F Pancreas 2 colectomy, ileoproctostomy 2 yrs. 

4 MacDonald (767) 44 W M Amp. Vater 20 colectomy, abdominoperineal 20 vrs. 

5 Capps (68) I8 W M Amp. Vater 4 colectomy, ileoproctostomy 4 yrs. 

6 McFarland (68) 36 W F Amp. Vater 2 None 

7 Duncan (68) 40 Unk M Duodenum 7 None 

8 Carter (768) Unk Unk M Pancreas Unk Unk 

9 Coli (70) 46 W M Duodenum 15 colectomy, abdominoperineal 15 yrs. 

10 Parks (70) 45 Unk M Amp. Vater 16 col., ileoproctostomy 1 yr. 

abdominoperineal 16 yrs. 

11 Parks (70) Unk Unk Unk Duodenum Unk Unk 

12 Parks (70) Unk Unk Unk Pancreas Unk Unk 

13 Melmed (72) 60 Unk M Duodenum 40 colectomy, ileoproctostomy 13 yrs. 

14 Mir-Madjlessi (773) 50 W M Amp. Vater 28 colectomy 28 yrs. 

sig. res., ileoproctostomy 

15 Schnur (73) 63 Unk M Duodenum 26 colectomy, ileosigmoidostomy 26 yrs. 

16 Schnur (73) 39 Unk F Duodenum 13 colectomy, ileosigmoidostomy 13 yrs. 

17 Jones (77) 67 W F Duod./Amp. 31 abd. perineal 31 yrs. colectomy 14 yrs. 

18 Jones (77) 49 W F Amp. Vater 14 colectomy, ileoproctostomy 7 yrs. 

19 Jones (`77) 63 W F Amp. Vater 15 colectomy, ileosigmoidostomy 10 yrs. 
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TABLE 4. Associated Findings 
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Stigmata of 





Associated Adenomatous Polyps 


Gardner's Associated 
Author Syndrome Stom. Duod. SB Rectum Carcinomas 
ELEME ——— "Ann MRNA 
l Cabot Yes No Yes Yes Yes None 
2 Hughes Yes Unk Unk Unk Yes None 
3 MacDonald Yes No No No Yes Colon (1) 
4 MacDonald Yes No Yes No Unk None 
5 Capps No No No No Yes Bladder (1) 
Colon (6) 
6 MacFarland Yes No No No Yes Colon (1) 
7 Duncan Yes No Yes Yes Yes None 
8 Carter No Unk Unk Unk Unk Unk 
9 Coli Yes No Yes Yes Yes Colon (1) 
10 Parks Yes No No No Yes Colon (1) 
11 Parks Yes Unk Unk Unk Unk Unk 
12 Parks Yes Unk Unk Unk Unk Unk 
13 Melmed Yes No Yes No Yes Colon (2) 
14 Mir-Madjlessi Yes No No No Yes None 
15 Schnur Yes No Yes No No None 
16 Schnur Yes No Yes No Yes None 
17 Jones No Yes Yes Yes Yes Stomach (1) 
Colon (1) 
18 Jones No No No No Yes Colon (2) 
19 Jones No No No No Yes Colon (1) 
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atous polyposis gene.” Others have reported an 
association of juvenile polyps with adenomatous 
polyps.?? 

It has been stated that 5% of FPC patients have 
extracolonic polyps“ but this figure appears to be 
an undocumented estimation and the true incidence is 
not known. It is likely that some reports of ileal 
polyps were confused with lymphoid hyperplastic 
polyps which are now recognized to occur in the 
ileum of FPC patients.!?348 Four of Gardner's re- 
ported cases in 1950 were apparently associated 
with gastric carcinoma and others have noted the oc- 
currence of gastric cancer and/or polyps in patients 
with colon polyposis.*:!8-2°.25-33-53 The patient in case 1 
had a carcinoma in situ noted in one of her gastric 
polyps. Reports are also being accumulated of colonic 
polyposis with associated small bowel adenomatous 
polyps./57??755? [n 1971 Hoffman and Goligher?® col- 
lected 8 cases of duodenal polyps occurring with FPC 
and reported one additional case and there has been at 
least one other case reported since then.?? 

In our review of the literature there have been at 
least 16 previously reported cases of FPC associ- 
ated with periampullary carcinoma$5- 19:21.24.27,29,30,34,42 
(Table 3). In addition, there are three unreported 
cases in the St. Mark's registry* and at least two 
cases in Watne's kindred.?' Including the three cases 
in our series, this would make 24 cases known to us 
at the time of this writing. We have summarized 
the salient features of 19 cases in Tables 4 and 5. 

Two of the patients described in this paper were 
a mother and daughter. In Hughes"?! report of a 27- 


year-old woman with FPC and pancreatic carcinoma 
reference is made to the patient's father dying at 
the age of 32 of a suspected pancreatic carcinoma. 
The 16-year-old son of the patient reported by Dun- 
can’? also had GS and definite duodenal polyps, and 
the two patients having GS with duodenal carcinoma 
described by Schnur? were a father and daughter. 
The brother of Coli's patient!" also exhibited the 
usual signs of GS and had duodenal polyps. The 
inference of these observations is that some kindreds 
may have unusual tendencies to extracolonic polyps 
and periampullary malignancy. 

From Table 4 it can be seen that at least 9 of 
the reported 19 cases exhibited the usual propensity 
for colon carcinomas, there being a known total of 16 
metachronous or synchronous colorectal carcinomas 
in the group and one case each of gastric and bladder 
carcinoma. Information was incomplete on four of the 
reported cases but of the remaining 15, extracolonic 


TABLE 5. Summary of Reported Cases 
l——————— «una 
Average patient age: 44 years 
Average known duration of polyposis: 15.3 years 
Males: 10; Females: 6 
Associated signs of GS: 14/19 
Associated extracolonic polyps: 8/15 
Stomach: 1 
Duodenum: 8 
Small Bowel: 4 
Associated rectal polyps: 14/15 
Carcinomas other than periampullary: 9/19 
Colorectal: 16 
Stomach: 1 
Bladder: 1 
j—————  ————— MEE 
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adenomatous polyps were present in 8 cases, only one 
of which manifested no other sign of GS. From these 
observations it would appear that periampullary 
malignancy can develop in FPC in the absence of 
other extracolonic adenomatous polyps, on the average 
of 15.1 years (Table 5) after the known onset of 
colon polyps. The risk of malignancy seems higher 
in FPC patients who manifest duodenal polyps. The 
incidence of periampullary malignancy in FPC pa- 
tients has been estimated at 12%° and that of the 
general population as .01—.04%.*° The average age of 
patients with FPC and periampullary malignancy in 
this series was 44 years, whereas the average age of 
periampullary malignancy in the general population is 
Over 60.?.?3.40 

Because of these observations we believe that the 
incidence of periampullary malignancy in FPC is 
significant and that these malignancies should be con- 
sidered as extracolonic manifestations of FPC. There- 
fore, careful study of the upper gastrointestinal tract 
should be an integral part of the routine surveillance 
of the members of familial polyposis coli kindreds 
who manifest colon polyps, whether other extracolonic 
lesions have been demonstrated or not. Once duodenal 
and gastric polyps have been discovered. we would 
advise surgical or endoscopic removal when feasible. 
since there seems to be no tendency of the extra- 
colonic polyps to spontaneously regress following 
colectomy as has been observed with rectal polyps. It 
is clear from all of the reviewed cases that the 
presence of duodenal polyps is an ominous harbinger 
of the subsequent development of periampullary 
malignancy. 
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DISCUSSION 


DR. ALVIN L. WaTNE (Morgantown, West Virginia): I believe 
Dr. Nance and Dr. Jones have brought to our attention an 
important facet of what may not be such a rare disease as we some- 
times think. You noticed that he had 160 patients at risk in that one 
family. 

The thing that he's brought to our attention, of course, is the 
wide manifestation of benign and malignant tumors that are as- 
sociated with polyposis coli. Like Dr. Nance. we agree that 
Gardner's syndrome is probably the ultimate penetration, or mani- 
festation, of the syndrome of polyposis coli. 

(Slide) We had an opportunity to look at some of our patients, 
and find out what other associated diseases they showed. 127 
patients manifested this syndrome, and we wondered what hap- 
pened with 155 who were members of the family at risk, but 
never showed any part of this syndrome. 8% of those with the 
syndrome had some type of fibrous dysplasia. This generally 
follows the development of the polyposis coli. 

Here, as Dr. Nance mentioned, we had two patients with car- 
cinoma of the ampulla of Vater. One of these ladies was 36 
years old, and had a prior total colectomy. The second patient 
we'll talk about in a moment. Other tumors included a docu- 
mented carcinoma of the ovary and bladder. The patient with 
osteogenic sarcoma developed the tumor as a teenager, and less 
than a year ago she came in at the age of 36 with full- 
blown polyposis coli. 

(Slide) We were interested in some of the other diseases that may 
arise in the adult. We originally thought that they didn't have 
gallbladder disease, but, indeed, both those with the syndrome and 
those without have about the same incidence of gallbladder disease, 
the same incidence of angina, or documented myocardial infarction; 
but the patients with the syndrome had a significant elevation of 
. diagnosed peptic ulcer disease. We cannot explain this at the present 
time. 

Dr. Gardner and his laboratory were interested in whether the 
serum calcium levels were perhaps abnormal in these patients. In 
our own studies we have found them to be absolutely normal. 

We then studied the serum cholesterol, which we found 
to be in the normal range for the adults that we had a chance 
to study. We found that these patients excrete an increased amount 
of fecal cholesterol. We have expanded on this study now, and we 
recognize that the polyposis coli patients excrete predominantly 
cholesterol, very little coprostanol, and predominantly primary bile 
acids. 

(Slide) This patient was the reason for our interest in the bile 
steroids. This 18-year-old girl had a colectomy at the age of 16 for 


MALIGNANCY IN GARDNER’S SYNDROME S571 


of the Ileum Associated with Gardner's Syndrome. Arch. 
Surg. 96:289, 1968. 

47. Turcot, J., Deopres', J. P., and St. Pierre, F.: Malignant 
Tumors of the Central Nervous System Associated with 
Familial Polyposis of the Colon: Report of Two Cases. Dis. 
Colon Rect. 2:465, 1959. 

48. Vanhoutte, J. J.: Polypoid Lymphoid Hyperplasia of the 
Terminal Ileum in Patients with Familial Polyposis Coli and 
with Gardner' s Syndrome. Am. J. Roentgenol. Radium Ther. 
Nucl. Med. 110:340, 1970. 

49. Veale, A. M. O.: Clinical and Genetic Problems in Familial 
Intestinal Polyposis. Gut 1:285, 1960. 

50. Veale, A. M. O., McColl, I., Bussey, H. J. R., and Morson, 
B. C.: Juvenile Polyposis Coli. J. Med. Genet. 3:5, 1966. 

51. Watne, A. L., Core, S. K., and Carrier, J. M.: Gardner's 
Syndrome. Surg. Gynecol. Obstet. 141:53, 1975. 

52. Williams, R. D., and Fish, J. C.: Multiple Polyposis, Polyp 
Regression and Carcinoma of the Colon. Am. J. Surg. 112: 
846, 1966. 

53. Yonemoto, R. H., Slayback, J. B., Byron, R. L., Jr., and 
Rosen, R. B.: Familial Polyposis of the Entire Gastro- 
intestinal Tract. Arch. Surg. 99:427, 1969. 


polyposis coli. She entered our hospital three months after the 
delivery of a normal, full-term infant with obstructive jaundice and 
an ascending cholangitis. At duodenoscopy it was diagnosed that she 
had a tumor of the ampulla of Vater. At the initial laparotomy 
we thought she had a liver full of metastases, but it turned out to 
be multiple microabscesses throughout the liver. Because of her poor 
condition, we performed an open cholecystojejunostomy. 

At the time of the first laparotomy, we could palpate a polyp 
at the duodenojejunal junction. Within 6 weeks this young lady 
was absolutely thriving. Her liver function had returned to normal, 
and between the sixth and seventh week she underwent a 
pancreaticoduodenectomy, the specimen of which you see here: 
the stomach, the carcinoma of the ampulla of Vater, an adenomatous 
polyp right at the junction between the duodenum and the jejunum. 
And here is the anastomosis that was done in an open, two-layer 
fashion between the gallbladder and the jejunum, and that is an 
adenomatous polyp that developed there within 6 weeks. 

This patient has subsequently shown the very same steroid frac- 
tions that the other patients have shown. You can believe that we 
did gas chromatography in an attempt to find a carcinogen, if we 
could, in that bile. We have not at this time. We are studying 
the fecal flora in this patient. 

I want to compliment the authors on bringing this to our atten- 
tion. I would like Dr. Nance to comment, perhaps, about the im- 
portance of following up the family members who are at risk, be- 
cause many times we think that there is just one patient, and then 
when we question the family, we find many. 

And I would ask him to tell us how often, or how, we should ex- 
amine that upper gastrointestinal tract. 


DR. B. NOLAND CARTER, II (Richmond, Virginia): It appears that 
periampullary carcinoma is no longer a rare manifestation, as we 
may have thought in the past. 

Dr. Jones’ and Nance's suggestion that patients with familial 
polyposis who manifest any extracolonic lesions be classified as 
Gardner's syndrome will be most helpful to us, certainly, for now. 
Their suggestion should help reduce some of the apparent confusion 
generated by the many classifications of familial polyposis which 
have been recorded in the past. 

Dr. Horsley and I would like to add still another case of peri- 
ampullary carcinoma to Dr. Jones' and Nance's list. (Slide) This 
slide was presented to the Association in 1968, and the patient noted 
here was included in our series as one having diffuse familial 
polyposis of both the large and small bowel, proven histologically 
as adenomatous polyps, and not hyperplasia. 

Five years later, after his total colectomy and ileostomy, he 
returned with jaundice, and underwent a Whipple operation for 
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carcinoma of the ampulla of Vater. Unfortunately, he has since 
died. 

[n 1958, his uncle had familial polyposis of the colon, and 
likewise died of periampullary carcinoma, and is one of the 24 
patients who is included in Dr. Nance's report. 

Although at present this is a disheartening group of patients to 
treat surgically, the statement made by Charles Sachatello, of 
Lexington, Ky., in 1971 should encourage us to continue the reports 
as made by Dr. Jones and Nance tonight. He stated, and I quote: 
“This disease really represents the ultimate model in human carcino- 
genesis, and it may offer the key to the colorectal cancer 
problem in general.” 

I would like to ask the authors a question, and that is: In their 
series, or in their search in the literature, or in their personal 
experience, have they as yet found the natural history of diffuse 
polyposis of the small bowel? 


Dr. WILLIAM H. REMINE (Rochester, Minnesota): We feel that 
this is a problem that has been very much overlooked, and 
there are probably many cases that have been missed along the way. 

We recently reported two such cases. You have now heard 24 
accounted for, and since this manuscript was submitted there has 
been another one reported in the British Journal of Clinical Practice 
very recently. This brings the total up to 25. Their pathologic 
findings were, in the colon, polyposis coli with numerous areas of 
malignant change; in the ileum, benign fibromas; and in the duo- 
denum, periampullary carcinoma. 

It's highly possible that a number of patients seen in the past 
with multiple polyposis have been operated upon and thought to be 
cured, only to have died later with what were thought to be other 
diseases. 

(Slide) My associates from our institution recently reviewed our 
experience with duodenal, periampullary carcinoma and pan- 
creaticoduodenectomy over a period from 1950 to 72, and as you 
see here, we have papillary carcinoma, and carcinoma of the 
duodenum itself. Out of this entire group of 323 cases we have 
reported two such cases that would fit into the category of 
Gardner' s syndrome. 

(Slide) The factors that influence survival with this disease are 
very important. Many of these patients have been previously ex- 
plored. Nodal metastasis is always very important. Whether the 
lesion is papillary or nonpapillary is essential information, because 
the papillary lesions (and these tend to be more papillary than 
nonpapillary) have a much better prognosis than the nonpapillary 
lesions. 

(Slide) Now, here is one of these very innocent-looking lesions 
that may be seen in the duodenum. I would oppose mere 
biopsy because if this is a patient that has had polyposis of the 
colon. and a resection, as most of them have had, and turns up with 
a lesion like this in the duodenum, it should be removed, and not 
just biopsied because of its malignant potential. 

(Slide) Here's the operative specimen of a woman that I operated 
on. This patient appeared at the Mayo Clinic with her father. Both 
of them had had their colons resected previously. The father began 
to develop symptoms, and was found to have had a carcinoma 
of the duodenum. The daughter was examined because of melena 
and was found to have duodenal carcinoma also. Both had Whipple 
procedures performed. 

(Slide) She came back three years later with a mass in the 
epigastrium, which was thought to be possible recurrence. At 
exploration, this was a desmoplastic mass in the epigastrium, at 
the root of the mesentery of the small bowel, as you can see here. 
Unfortunately, at that time she had a lesion in the dome of the right 
lobe of the liver which I biopsied, and reported as metastatic 
adenocarcinoma. 

These polyps can be lethal, and I don't think we should play 
around with biopsying polyps of the duodenum, if there is a history 
of polyposis coli. We should be a little more aggressive if they have 
this history in their family background. 
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DR. J. DAvip RICHARDSON (Louisville, Kentucky): We have 
treated two patients with Gardner’s syndrome and associated peri- 
ampullary malignancies from a kindred of 37 patients. 

The initial patient was a 55-year-old lady who had a total 
colectomy fifteen years previously for multiple colon polyps. She 
was admitted to the hospital because polyps were visible on her 
ileostomy stoma. A fiberoptic scope was passed for several centi- 
meters through the ileostomy, and a biopsy showed that there were 
multiple adenomatous polyps present in the small bowel. An ele- 
vation of her alkaline phosphatase prompted an endoscopic evalua- 
tion of the periampullary area which showed a well-differentiated 
papillary adenocarcinoma. A Whipple procedure was then per- 
formed. 

This patient died several months after her operation of a myo- 
cardial infarction, and at the post-mortem examination polyps were 
present throughout the entire length of the small intestine, with a 
number of these having undergone malignant change. 

An evaluation of her family was then performed. A brother, who 
was 42 years old, had previously undergone a subtotal colectomy 
with an ileoproctostomy. He was found to have an elevated 
alkaline phosphatase as well, but was not clinically jaundiced. 

A periampullary lesion was discovered at endoscopy in this gen- 
tleman, and he also had a pancreaticoduodenal resection. He is 
alive and well now three years later. He continues to be seen by a 
proctologist every few months, who fulgurates and biopsies numer- 
ous lesions which are continuously growing in his rectal stump. 

These two patients illustrate several points that we feel are im- 
portant about the periampullary malignancies which are associated 
with Gardner's syndrome. First, both of our patients were dis- 
covered early, when they actually had no symptoms of biliary ob- 
struction, but had only mild elevations of their alkaline phos- 
phatase, and were actually evaluated for other problems. 

Secondly, it appears that both patients had surgically curable 
periampullary lesions, and these lesions were anatomically in the 
ampulla, and not in the duodenum. Since both patients were asymp- 
tomatic, we concur that surveillance of the upper G.I. tract should 
be a routine part of the follow-up procedure in patients with 
Gardner’s syndrome. Since other members of the family have been 
reluctant to be followed with periodic endoscopic examinations, 
we have followed their CEA level and alkaline phosphatase as a 
routine screening procedure. 


DR. WARD O. GRIFFEN, JR. (Lexington, Kentucky): In the 
kindreds that Dr. Sachatello is currently following in Lexing- 
ton, we have not seen this combination of familial polypos?s 
and periampullary carcinoma. However, as he mentioned in the 
paper which was alluded to by Dr. Carter, the syndrome of 
familial polyposis is an experiment of nature which may lead to 
some clues regarding the etiology of carcinoma of the colon. 

I wonder if this particular combination that Dr. Nance has brought 
to our attention tonight may not also lead to some clues of the 
etiology of periampullary and biliary tract carcinoma. As many of 
you are well aware, patients who have ulcerative colitis also have 
a higher incidence of periampullary or bile duct carcinoma; and 
| wonder if there isn't a message here that in some way, perhaps 
through the primary bile salts, perhaps through some other 
mechanism. there is a combination of diseases going on here, and 
that carcinogens exist throughout the g.i. tract. 


Dn. TERRY R. Jones (Closing discussion): I'd like to thank Dr. 
Watne and Dr. Carter, Drs. ReMine and Richardson, for document- 
ing, as far as I could count, at least seven additional cases of 
periampullary malignancy and familial polyposis coli. We appreciate 
them sharing this information with us. 

Dr. Watne, we find your biochemical studies very interesting, and 
we certainly would like to see what the follow-up will be on more 
patients. 

In regard to your question about how we follow our patients, 
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we believe that if the patient has an abdominoperineal resection 
and a complete colectomy, he should be followed with endoscopy 
at least yearly for recurrence or for development of adenomatous 
polyps in the upper gastrointestinal tract. If the patient has had 
an ileoproctostomy and a rectal stump is left in, we believe he 
should be proctoscoped every 6 months. After the polyps have 
been noted to regress, he should have a minimum follow-up at 
yearly intervals, with endoscopy to study the upper tract, and 
barium enema and proctoscopy for the lower G.I. tract. If it’s a 
patient without evidence of the disease, we think they should be 
studied about every three years, with a barium enema and 
proctoscopy. Barium enema is important, because some of the polyps 
will develop in an area not visualized by proctoscopy. 

Dr. Carter, we do not feel that we have enough experience with 
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small bowel polyps in this syndrome to comment on their natural 
history. However, we would suspect that this represents a patient 
who has a more than average potential to develop polyps, and 
would consequently have a more than average potential for develop- 
ment of malignancy. 

We appreciate Dr. ReMine's remarks, and agree that a duodenal 
polyp which cannot be removed through the endoscopy instrument 
should be openly excised in toto, and studied appropriately. The 
data is not available on prognosis for these patients, but ampullary 
carcinoma in general has a more favorable prognosis than some of 
the other carcinomas, and we do know that the prognosis for rectal 
carcinoma seems to be very similar in these patients with familial 
polyposis coli and in the patients without the syndrome. This also 
holds true for carcinomas in other areas of the colon. 
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1016 Women were placed on estrogen support following 
hysterectomy and have been followed for a total of 14,318 
patient/years. Support was principally conjugated estrogen 
with the customary dose 1.5 mg/day. The follow-up studies 
in this group of women shows a marked drop in deaths from 
all causes over those which might have been expected. This 
improvement in mortality is principally the result of dimin- 
ished number of deaths from heart attack and from cancer. 
Those causes of death which would not be expected to be 
related to hormonal therapy show the anticipated number 
of mortalities. There is also a marked improvement in the 
clinical evidence of osteoporosis. In this group there is an 
increase in the number of breast cancers over those which 
might have been expected, but there is a lower mortality from 
breast cancer than the anticipated mortality. The general 
impact of long-term estrogen therapy following hysterectomy 
is favorable over those figures for the expected incidence of 
cancer and heart disease. 


T IS A REPORT of 1016 women who have been 
placed on estrogen support following hyster- 
ectomy. The initiation of this support followed the 
removal of the ovaries at the time of hysterectomy 
in those women in whom oophorectomy was per- 
formed. In most instances, if there was remaining 
ovarian tissue following the hysterectomy, then the 
addition of estrogen support was postponed until the 
woman developed some of the generally accepted 
symptoms of estrogen deficiency. Every woman in 
this study was operated upon at least five years ago 
and the series dates back 28 years for the earliest par- 
ticipants. The women range in age from 22 to 78 years 
at the time of admission to the study. The study 
group consists primarily of those patients operated 
upon by one of the authors (JCB) and includes all 
patients subjected to hysterectomy who were placed 
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on support with naturally occurring estrogens and who 
took this medication for three or more years. Any 
patient placed on estrogen support for 90 days who 
then encountered one of the parameters studied in 
this series, that is death, breast cancer, or fracture, 
was included in the study even though, for some 
reason, the estrogen support may have been discon- 
tinued between the third month and the third year. 
Other than this very small group, all patients have 
been on estrogenic substances for more than three 
years and the distribution can be seen in Table 1. 
All women in this series have been followed to date 
or to death, a 100% follow-up. The naturally oc- 
curring estrogen used in this series was predomi- 
nantly conjugated estrogen. The usual dose was 1.25 
mg per day, and we make no differentiation between 
those who received cyclical therapy. This group of 
women has been followed by contact and question- 
naire. For one-half of the group this is the third 
follow-up over a period of five years. For three- 
fourths of the group this is the second follow-up 
in the past five years, and for one fourth of the 
group, this constitutes a report of the original follow-up 
in connection with this study. There may have been 
previous office or personal contacts, but for the pur- 
poses of this study this is in most instances the 
second or third follow-up since 1970. 

The participants in this study are principally cau- 
casian females from the general area of middle 
Tennessee. For the purposes of computation, the inci- 
dence figures of cancer are from caucasian women in 
the Third National Cancer Survey for the Atlanta 
area’: for mortality statistics, the report of the 
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TABLE |. Age Distribution of Patient/Years of Follow-up 


Number of 

Age Patient Years 
25-29 68.250 
30—34 298.333 
35-39 885.667 
40-44 1860.417 
45-49 2753.417 
50-54 3075.000 
55-59 2453.917 
60-64 1641.917 
65-69 848.167 
70-74 316.000 
75-79 87.667 
80-84 24.083 
85-89 4.833 
Total 14317.652 


Department of Vital Statistics, State of Tennessee 
Public Health Department! for caucasian females is 
the comparison base. These are the best available 
figures which correspond to the distribution of this 
group. 

The most striking single deviation from the expected 
characteristics of a group of this magnitude is the 
alteration in the total number of deaths occurring. 
It was anticipated from available mortality figures that 
149 women of the ages represented in this study 
should have expired during the period of the study. 
This represents an expected 149 deaths during the 
14,318 patient/years follow-up. We have death certifi- 
cates for all deaths occurring in this group of women. 
Figure 1 shows that the principal improvements in 
death rate which reflect a very favorable alteration 
of total mortality have occurred in heart disease, 
stroke, and cancer. Four tenths of the number of 
deaths expected from all causes in this group were 
actually realized. The most dramatic improvement was 
in the area of heart disease. Only 13 deaths at- 
tributed to heart disease took place out of an ex- 
pected 35. The total number of realized deaths was 
somewhat smaller for cerebrovascular accident. The 
ratio of observed/expected death is not as significant 
for CVA as the ratio for heart disease which is 
statistically significant at probability factor of less 
than .005. 

The death rate from breast cancer is slightly lower 
than that expected. The figures are small. The death 
rate from all cancers is appreciably lower than antic- 
ipated death from all cancers. These figures have 
been corrected by the elimination of expected deaths 
from cancers of the female reproductive tract. There 
is experienced a dramatic drop in the deaths from all 
causes, no appreciable alterations in deaths due to 
accidental causes, a dramatic drop in the deaths from 
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heart disease, and a drop in the deaths from all 
cancers and breast cancer, although the figures are 
so small in the instance of breast cancer that they 
are not statistically significant. 

The questionnaire for this group of women included 
information on those who discontinued the use of 
estrogen support after the three years required to enter 
the study. Table 2 gives the figures for 1) the total 
number of patient/years of follow-up and, 2) the total 
number of patient/years on estrogen support. The char- 
acteristics of that small group who discontinued 
estrogen support after three years does not vary 
appreciably from the total group. No women were 
excluded from this study who discontinued the use of 
estrogen support after more than three years on 
estrogen maintenance. 

The group was studied for nulliparity, age of the 
mother at birth of first child, and the breakdown 
was made in Figure 2 of those women who had no 
children, those women who had their first child before 
age 21 and those women who had their first child 
after age 20. In 52 instances, the age of the mother 
at birth of first child is unknown. 

Age comparisons at entrance into the study of the 
group were made in three divisions: 1) under 45 at 


TABLE 2. Population Characteristics of Women Taking Estrogens 


Total patient years on estrogen 13,666 

Total patient years follow-up 14,318 

Average number of years on estrogen 13.5 
Average age at entrance into study 44.0 
Average age at current follow-up 57.7 
Percent with ovaries removed 63.8 
Percent with no children 20.3 
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RATIO OBSERVED TO EXPECTED CANCER CASES 


NUMBER OF YEARS OF ESTROGEN USE 


Fic. 2. Cancer experiences by duration of estrogen use by age at birth 
of first child. BI Total, 44 No children, O Less than 20 age at first 
birth, P) More than 20 age at first birth. 


the time they were admitted to the study, 22 women 
between 45 and 55 at the time of entry into the 
study, and 3) those women over 55. Figure 3 shows 
a higher ratio of observed to expected cancer cases 
in that group of women who were on estrogen 
therapy for less than 10 years. After 10 years on 
estrogen therapy, there is a steady decline in all 
age groups for observed/expected ratio of all cancer 
cases. 

Figure 4 is an appraisal of the number of years 
that the women have been on estrogen taerapy in 
relation to their parity. It should be notec that the 
nulliparous woman seems to be at a high risk of 
cancer during the first 10 years of estrogen therapy. 
The risk in comparison to the other members of the 
study group is still high after 10 years, but the risk 
of the whole group becomes relatively smaller. The risk 
after 15 years of therapy is quite small for hat group 
of women who have been on continuous use of 
estrogen. 

Figure 4 is related to parity as well as to the 
age at birth of first child and shows an increased 
risk to the nulliparous women. This dimimshes after 
10 years of estrogen therapy. For those women who 
have had children, the risk of developing any type 
of cancer becomes smaller after the tenth year of 
estrogen therapy. 

Figure 5 shows the number of years of estrogen 
use with any alterations that might have been pro- 
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duced by the presence of retained ovarian tissue after 
hysterectomy. Minimal alteration is associated with the 
presence of retained ovarian tissue in the first 10 
years. This alteration disappears thereafter and there is 
no significant variation between the groups which did 
and did not have residual ovarian tissue following 
hysterectomy. Most of the women in whom ovarian 
tissue was left behind were operated upon in earlier 
days of the study. They came into the study some- 
what later than the women who had had an ovariectomy 
at the time of surgery. They were slightly older than 
the members of the group that had ovariectomy at the 
time of hysterectomy. There is no significant varia- 
tion in the figures resulting from the study. 

The series of women in this study is not yet old 
enough to evaluate the vertebral body fractures which 
are such a frequent concommitant of osteoporosis. 
The only effective measure of osteoporosis in the age 
group of women such as the 14,318 patient/years 
included in this report is the incidence of forearm 
fractures. Knowlden’ gave a data base which can be 
used for the incidence of forearm fractures in English 
women by age. This is a very common fracture in 
women of this age group and the incidence of the 
fracture is related to age. In a group of women 
comparable to the study group reported here, there 
would be expected 40 forearm fractures. There were 
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FiG. 3. Cancer experience by duration of estrogen use by age at 
entrance into study. W Total, dd Less than 45, O 45-55, P More 
than 55. 
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23 forearm fractures in this series of estrogen sup- 
ported patients. This is a statistically significant 
(p € .01). drop below the anticipated incidence and we 
feel this is a valid evidence of the ability of the woman 
on estrogen support to retain her bone strength follow- 
ing artificial menopause. 

Appraisal of estrogen support in the menopausal 
woman must include the related incidence of cancer 
of the breast. Although there was a slight drop in 
mortality from breast cancer, there has been an 
increase in the total number of breast cancers oc- 
curring in this group. The anticipated incidence is 24 
and the realized incidence is 33. The single greatest 
risk factor in the occurrence of breast cancer is ad- 
vancing age. The study group has a mean age of 58 
years. During the coming years, more voluminous 
data will be accumulated about this group in general 
and about breast cancer in particular. At this time an 
evaluation of the group has been made with relation 
to the risk factors of parity, age at birth of first 
child, age at admission to the study and duration of 
estrogen use. The women in the series who developed 
breast cancer were appraised according to the presence 
of retained ovarian tissue following hysterectomy (fig. 
6). There is no evidence of significant relationship 
between the occurrence of breast cancer with retained 
ovarian tissue and the duration of estrogen use. It 
has been previously pointed out that that group of 
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Fic. 5. Cancer experience by duration of estrogen use by ovarian 
status. BI Total, P) Ovaries retained, O Ovaries removed. 


patients who had retained ovarian tissue are slightly 
older and were admitted to the study slightly later 
than the group who had no retained ovarian tissue. 
The distribution of these three groups corresponds 
essentially to the same pattern which will be seen 
in all of the breast cancer graphs. 

Figure 7 shows a close association between the 
known risk of nulliparity and breast cancer. In every 
instance, the highest proportion of breast cancers, 
whether on estrogen for less than 10 or more than 
20 years, is in those women who are nulliparous. 
The significance of the distribution between early and 
late birth of the first child is not apparent. It 
should be noted that in the later years of the study 
there is no reported instance of breast cancer in a 
woman who had her first child before age 21, and 
who has been on estrogen for longer than 10 years. 

Figure 7 shows that the principal risk factor in this 
group is related to parity, both in the early and later 
years of estrogen administration. The dramatic drop in 
the incidence of breast cancer after the first 10 years 
of estrogen therapy is of interest in both the nulli- 
parous and parous women. The incidence of breast 
cancer in both groups after the fifteenth year of 
estrogen administration is no higher than that which 
might have been expected. An explanation of the 
occurrence of early breast cancer in the nulliparous 
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Fic. 6. Breast cancer experience by duration of estrogea use by 
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woman can only be offered as an extension of the fact 
that nulliparous women are acknowledged tc be at 
two or more times the average risk of breast cancer. 
The breast cancer experience, when evaluated by both 
duration of estrogen use and age of entry irto the 
study shows that the group of women acmitted 
to the study under 45 years of age have 1i con- 
sistently low incidence of breast cancer. The highest 
relative incidence of cancer is in that group of women 
over age 55 at the time they were admitted to the 
study, whatever the duration of estrogen therapy. It is 
evident that the utmost caution must be exerc sed in 
evaluating the need of the patient for estrogen sapport 
who is nulliparous. The woman who does not have 
evidence of estrogen deficiency until age 55 or after 
certainly has the characteristics of the late meno- 
pause. These women have an accumulation of late 
menopause and nulliparity as risk factors in the group 
seen in the breast cancer tables. Special conzidera- 
tion must be given to the initiation of estrogen therapy 
after age 55 in women who are nulliparous. Cer-ainly, 
these factors identify a group who are at special 
risk to develop breast cancer and the role of es rogen 
in these individuals is as yet poorly established.” 
The presence of estrogen receptors is now a well 
documented fact.?:49* The presence of other hormone 
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receptors at the cytoplasmic and membrane levels has 
been documented, but their exact role is still obscure. 
We must accept the experience in this 1016 women 
and relate this to the needs of the woman who has 
estrogen deficiency following hysterectomy. The role 
of estrogen support in the woman who has an intact 
uterus is controversial and is not a consideration of this 
study. It is significant that there is a very favorable 
alteration of mortality figures in this 1016 women who 
have had long term estrogen support. The risk factors 
which are known to exist for breast cancer, in par- 
ticular age, late menopause, and nulliparity, are effec- 
tive in the group of women who are placed on 
estrogen support. This justifies special consideration 
in evaluating the need of this group of individuals. 
The general impact of long term estrogen support 
following hysterectomy is favorable. We have pre- 
viously recorded the psychological support which these 
women receive from conjugated estrogens” and this 
further documents the physical evidence of the impact 
of such support in the total follow-up of 1016 patients. 

The ultimate reality of our profession is to improve 
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the quality and quantity of life. In this group of 
women this end can be achieved with an acceptable 
risk and desirable result. 
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DISCUSSION 


DR. JosEPH H. PRATT (Rochester, Minnesota): These men have 
followed better than a thousand patients for 100% follow-up going 
back over 28 years. This is the type of study we should have, 
and it has shown an apparent beneficial effect from hormone 
therapy. I'll be darned if I know what to say to children 
who are running around now. Should we tell them have a 
child before you are twenty, then we'll put you on estrogen 
for 10 years, and you will have a minimal chance of cancer? Per- 
haps that will be just one of the things that will come out of this 
study. 

In view of the notoriety and the studies that are going on at 
the present time, the possibility of cancer of the breast developing 
in the patients is one of the basic tenets that has to be dis- 
cussed. Dr. Byrd has not found a statistically significant increase 
in breast malignancies and actually a decrease in the total number 
of malignancies that have occurred in this series. | 

However, in a follow-up of over 1800 women, Dr. Hoover and 
Dr. Laman Gray did find an increase in the expected number of 
breast cancers, and | think that figure was about 2.1-2.6 and 
Dr. Gray may want to talk about that later. 

Dr. Leis, et al., have emphasized that there is a high at risk 
patient and those patients in whom benign disease has been 
stimulated by estrogens should be treated cautiously. 

In a study group of our own patients from Rochester, there 
were 524 patients with malignancies of the endometrium. We found 
32 or 6% of these patients either had a malignancy of the breast 
or would develop a malignancy of the breast in the next period of 
years. This figure is, of course, considerably higher than the 
authors' series. 

I would like to ask Dr. Byrd two questions. (1) Did any of 
his series of patients have malignancy of the uterus which might 
throw them into a little higher percentage rate with malignancy 
of the breast? (2) Did the use of estrogens in their patients 
who subsequently developed cancer of the breast have any 
benign conditions seemingly stimulated by the estrogens before 
the development of the malignancy?— which would, again, seem 
to put that particular patient into a high-risk group. 


DR. LAMAN A. Gray (Louisville, Kentucky): I believe that Dr. 
Byrd and Dr. Burch have found some 30% increase in the occur- 
rence of cancer of the breast among those patients receiving 
Premarin, with a long period of observation. The significance 
of this merits further study. (Slide) I have been most interested 
in this subject since my first paper regarding this medication 
for menopausal symptoms in 1943. But this year problems have 
arisen after the publication of three papers which indicated risk 
ratios between Premarin and endometrial cancer of 5.6, 7.4 and 11.2. 
Our recent work, which will appear in two papers, will show 
risk ratios of 2.9 and 3.1. We believe there are certain factors 
that modify this degree of risk from being too serious. Since it 
appears that 50% of all women will within the next few years 
have had hysterectomy by the age of 50, these women will have 
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been removed from risk. If the diagnosis is made quite early, 
cure rates approach 95%. Newer methods to determine early 
diagnosis are indicated. 

(Slide) In 1976, the use of Premarin in 1891 of my private patients 
was studied by Doctors Robert Hoover, Laman A. Gray, Sr., 
Phillip Cole and Brian MacMahon. The particular relationship 
between breast cancer and Premarine was investigated in detail. 

At the end of five years, the risk ratio was 0.9; this included 
13 cases with breast cancer. Between five and 10 years, there 
were 13 cancers, a risk ratio of 1.2. Between 10 and 15 years, 
there were 10 breast cancers, arisk ratio of 1.3. The relative risk ratio 
was normal in the first five years, normal in the second five years. 
not significant up to the fifteenth years. After the fifteenth year 
the risk ratio was 2.0. That was a small increase and may not 
be significant. The increase after 15 years in our series was 
differen: from the findings of Doctors Byrd and Burch in which 
the risk ratio after 1S years was diminished. 

It is remarkable how various individuals have interpreted our 
report. To some, the report in The New England Journal has 
indicated estrogens cause breast cancer, with final proof; to 
others, the report indicates that estrogens are not implicated in 
the cause of breast cancer. I think that the report shows no real 
cause and effect relationship. 

In the present paper there are new ideas, including evidence 
that women live longer after taking estrogens and that they don't 
die as readily of all cancers. Those with breast cancer live 
longer if they had taken estrogens previously. This is strange and 
different. In a recent further review of our material by Doctor 
Hoover, somewhat similar statistics were found. In addition, 
there were fewer colon and rectal cancers, although an increase 
in ovarian cancers was detected. 

In the present paper it is suggested that perhaps the nulliparous 
woman should receive estrogens cautiously; similar caution is sug- 
gested when estrogens are started after the age of 55 years. In 
our 189] patients, nulliparous women were not found to have a 
higher risk. 

These new papers present some hard statistical data which will 
prove of particular interest to epidemiologists. Their final interpreta- 
tions will be of considerable interest. 

At present the data does not incriminate estrogens as a serious 
factor in the cause of breast cancer, according to my interpreta- 
tion, and I agree with Doctors Byrd and Burch. 


DR. LoREN J. HuMPHREY (Kansas City, Kansas): Dr. Byrd has 
presented certain data with some very obvious constraints, and, | 
think, some that we ought to point out that are different from 
some comments I wish to make on our experience and that of the 
previous discussants. 

For instance, in 1953 Pierce and Slaughter from the cancer 
detection center in Chicago, Illinois, reported an increased inci- 
dence of benign and malignant diseases of the breast, associated with 
gynecologic diseases. In 1963 Dr. Swerdlow and I reviewed some 
1500 cases of breast disease, fibrocystic disease, and carcinoma, 
and found that in these women there was an increased associated 
breast cancer incidence in women under 40 years of age that 
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had gynecologic disease. And, specifically, the women in which 
there was the greatest increase of breast cancer were the women 
that had a hysterectomy, and ovaries removed. 

Now, if we stop there, it sounds like the previous discussants, 
and our experience, is at variance with the report you have 
just heard today. There are some very essential features, how- 
ever, that we have to recognize. 

(1) We were too ignorant in those days, that was before the era of 
consumerism, to really investigate how many of these women had 
replacement of their endogenous estrogens by some therapy such 
as Dr. Byrd reported. So, therefore, I don't know; and, Dr. Gray, 
I can't recall in your report whether all of those women had 
estrogen. We reported women that had their uterus and ovaries 
removed. 

Thus I think this is a very significant point that Dr. Byrd and 
Dr. Burch have reported, and that is: Distinguishing women who 
have or have not had their ovaries removed, and parity, with 
respect to estrogen replacement, not necessarily supplementation. 

(2) I think we should recognize that one becomes very sus- 
picious that this may also be some type of carcinogenesis model 
in which both the breast and the gynecologic organs are the target 
organs of an endocrine abnormality. To wit, in a two-stage carcino- 
genesis model, one would have had a preexisting breast disease, as 
well as gynecologic disease. 

My question to Dr. Byrd is: Have you related the pathologic dis- 
ease for which these women had their hysterectomy, and ovaries 
removed? 


DR. BENJAMIN F. BYRD, JR. (Closing discussion): I’m delighted 
that, if I cannot answer all these questions, at least I can demonstrate 
that we have some concern about them, which is a little unusual 
in the perceptive scrutiny that most papers get here, the scrutiny 
which I think our presentation has received also. I appreciate 
Dr. Pratt's and Dr. Gray's and Dr. Humphrey's remarks. 
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We did go over these as to the indication for the original 
hysterectomy, divided into four groups: neoplasia, functional causes, 
mechanical difficulties, and inflammatory disease— and found no 
relation in any of the parameters evaluated with the original indica- 
tion for surgery. The reported complications were spread equally 
across the board. 

There were 126 benign breast tumors removed during the period of 
this study in this group of over 1000 women. There were only 
7 benign breast tumors removed prior to the 33 cancers that 
were found; so only 7 of these women had previously had benign 
tumors removed, about one out of four, which is not out of line 
with general experience. 

One third of the women who developed breast cancer were 
nulliparous. Only, as you saw in the original slide, one fifth of 
the women in the study were nulliparous. So this shows that 
there is some weight in the direction of nulliparity. 

I think that we have given ourselves a pretty hard time in these 
figures. The Third National Cancer Survey, which was the basis 
for cancer incidence studies— and you all know well the difference 
between incidence studies and mortality studies. It has been well 
established that it's very difficult to get good incidence figures— 
that the incidence studies in the Third National Cancer Survey 
completely ignored as cancers basal cell carcinomas of the skin. 
Six of the cancers which we report were basal cell carcinomas, as 
well as weighting against ourselves also the three deaths from 
cancer of the cervix, which were certainly preexisting disease, in 
the sense that it existed prior to the time the women entered the 
study. 

I certainly would like to say that we too are concerned about 
the implications of what's come here. Certainly, the hormonal inter- 
play is really a part of it. This is an area which has interested 
Dr. Burch back to his earliest years, in the 1930's, and he has made 
outstanding contributions in that field, and I certainly would like 
to make my own bow to him for his generous contribution to this 
work. 
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anesthetics 
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Caution should be exercised when administering Tigan to chil- 
dren for the treatment of vomiting Antiemetics are not recom- 
mended for treatment of uncomplicated vomiting in children 
and their use should be limited to prolonged vomiting of known 
etiology. There are three principal reasons for caution 


1 There has been some suspicion that centrally acting anti- 
emetics may contribute, in combination with viral illnesses (a 
possible cause of vomiting in children), to development of 
Reyes syndrome, a potentially fatal acute childhood enceph- 
alopathy with visceral fatty degeneration, especially involving 
the liver. Although there is no confirmation of this suspicion, 
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syndrome. It should also be noted that salicylates and aceta- 
minophen are hepatotoxic at large doses Although it is not 
known that at usual doses they would represent a hazard in 
patients with the underlying hepatic disorder of Reyes syn- 
drome. these drugs, too, should be avoided in children whose 
signs anc symptoms could represent Reye s syndrome, unless 
alternative methods of controlling fever are not successful 
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antiemetic drug alone; where possible the cause of vomiting should 
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relief of the causative disease process. Overhydration should 
be avoided since it may result in cerebral edema. 

The antiemetic effects of Tigan may render diagnosis more difficult 
in such conditions as appendicitis and obscure signs of toxicity due 
to overdosage of other drugs 


ADVERSE REACTIONS: There have been reports of hypersensitivity 
reactions and Parkinson-like symptoms. There have been instances 
of hypotension reported following parenteral administration to sur- 
gical patients There have been reports of blood dyscrasias, blurring 
of vision, coma, convulsions, depression of mood. diarrhea. disorien- 
tation, dizziness, drowsiness, headache, jaundice, muscle cramps and 
opisthotonos. If these occur, the administration of the drug should be 
discontinued. Allergic-type skin reactions have been observed, there- 
fore. the drug should be discontinued at the first sign of sensitization 
While these symptoms will usually disappear spontaneously, sympto- 
matic treatment may be indicated in some cases 
NOTE: The injectable form is intended for intramuscular use only, it 
is not recommended for intravenous use 
HOW SUPPLIED: Suppositories, Pediatric, 100 mg, boxes of 10 Sup- 
positories, 200 mg. boxes of 10 and 50 

Ampuls. 2 ml, boxes of 10 Multiple-Dose Vials, 20 ml Thera-Ject* 
(Disposable Syringes), 2 ml, boxes of 10 Capsules 250 mg. bottles of 
100 and 500, 100 mg. bottles of 100 


Beecham 


laboratories 
Bristol, Tennessee 37620 





TIGAN... 
(trimethobenzamide HCI) 


for reliable control of postoperative 
nausea and vomiting 


Nausea and vomiting may seriously disrupt 
the course of recovery from surgery. Torn 
| sutures, fluid and electrolyte imbalance, and 
| disturbed digestive function are among the 
! untoward consequences of unchecked nausea 
1 and vomiting. 
i Tigan is a specific antiemetic-antinauseant, 
: with no other indications. Its action is so 
| | smooth and gentle that patients seldom 
Y — experience any effect but the relief of nausea 
: and vomiting Tigan was designed to give. 
& 
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Side effects are not unknown in 
patients taking Tigan, but these effects 
are seldom sufficient to require with- 
drawal of therapy. (Please see prescrib- 
ing information.) 

he instruction, "Tigan 200 mg I.M., 
p.r.n. q6h for nausea" on your patiénts' 
charts should help keep their recovery 

i smooth and unruffled by disturbances 
| either from emesis or from antiemetic 
. : side effects. 


TIGAN injectables 


| (trimethobenzamide HC!) 
Mi 1 for prompt relief 
p of postoperative nausea and vomiting 


sU abro pete. 





Ampuls 

Thera-Ject* Disposable Syringes 
*Tigan injectable forms are 
contraindicated in children. 


Please see adjoining page for Brief Summary. 
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plen-pathelagic pain 
at can MIMIC 
eart attack, 
»allbladder attack, 
Icer attack. 





When abdominal pain due to entrapped gas is 51A 
this severe, it’s alarming to a patient. And 

its very location and persistence can convince 

him that something is organically wrong—which 

may cause further anxiety, hyperventilation 

and aerophagia. 


Your patient needs the reassurance that comes 
with an established diagnosis of abdominal 

pain due to entrapped gas. And the relief that is 
provided by a specific for acute severe gas 
pain—Phazyme®-95. 


New Phazyme-95 contains the highest dose of 

simethicone now available in a single tablet 

—95 mg. Its outer layer supplies 25 mg. of 

specially activated simethicone directly in the 

stomach for rapid dispersion of gas entrapped 

in the upper G.l. tract; a protected inner 

core then supplies 70 mg. of specially activated 

> simethicone to relieve gas distress throughout 

the lower Gl. tract. The core also releases á J 
240 mg. of pancreatin in the small intestine to 

enhance normal digestion and help reduce Int l'oduci ng tO day S 


gas formation. 


A 
No systemic side effects or untoward reactions highest dose 
e 


have been reported with Phazyme-95. And 


® 
there are no contraindications other than known simeth Icone t r blet 
allergy to one of its ingredients. 


* 
Because the abdominal pain of entrapped gas can vary, for Ite vere as al N 
Phazyme is also available in two other formulations: dC L Se g D s 
Phazyme . —for occasional or chronic gas pain. 


60 mg. of specially activated simethicone and 240 mg. 
of pancreatin in a dual-phase tablet. Supplied in 
bottles of 50, 100 and 1000 pink tablets. 


A) 
Phazyme PB —for gas pain caused by aerophagia 


in chronic anxiety. 





Phazyme®-PB Tablets 
(& contains 4 gr. phenobarbital 
(WARNING: may be habit forming.) 
Formula: The outer layer releases in the stomach: 

»— specially-activated simethicone 20 mg. and phenobarbital 
(WARNING: May be habit forming) 15 mg. The enteric 
Coated core releases in the small intestine: pancreatin, N.F. 
240 mg., and specially-activated simethicone 40 mg. 
Contraindications: Sensitivity to barbiturates or known 
allergy to an ingredient. 


Supplied: PHAZYME-PB, yellow tablets in bottles 
of 100 and 1000. Reed & Carnrick/Kenilworth, New Jersey 07033 
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Clinical evidence of 
effectiveness in 


studies of 109 
hospitalized patients" 


Employing objective observation 
by nurse-monitors, two double- 
blind hospital studies of hypnotic 
effectiveness evaluated 57 orthope- 
dic patients, most postsurgical,’ and 
52 other postsurgical patients? with 
insomnia. Studies used similar pro- 
tocols of one nonmedication base- 
line night followed by seven nights 
of randomly-assigned Dalmane 
(flurazepam HCI) or matching pla- 
cebo. Dalmane was superior in 
reducing sleep induction time and 
nighttime awakenings and in pro- 
longing sleep.* 

*When insomnia is caused by pain, appropriate anal- 
gesic therapy is the treatment of choice. Should the 


insomnia persist after the pain is relieved, consider 
Dalmane (flurazepam HCI). 
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Relatively safe and 
well tolerated, 
even for patients on 


warfarin 


Dalmane is generally well tolerate 
and relatively safe. Morning “hang- 
over" is infrequent. No unacceptable 
fluctuation in prothrombin time has 
been reported in patients on chronic 
warfarin therapy.** The usual precau 
tions should be observed in patients 
with impaired renal or hepatic func- 
tion; in the elderly and debilitated, 
initial dosage should be limited to 
15 mg to help preclude oversedation. 
dizziness or ataxia. 


All-night relief of postsurgical 
Confirmed by patients? insomnia...proved in practice 
subjective assessment” D I 
gonial wih het jer aps aimane 
ose receiving almane r eporte on morning 
v gamsa sesno (flurazepam HCI 


than patients taking placebo.!? one Á. S, 

One 30-mg capsule /i.5.—usual adult dosage 
Please see following page for a summary (15 mg may suflice in some patients). ROCHE 
of product information. One 15-mg capsule /i.s.—initial dosage for 


elderly or debilitated patients. 


_ Proven relief for postsurgical 
insomnia without repeating 
or increasing dosage 








Please see previous pages for study protocol. 


And also... 

Objectively proved in the 
sleep research laboratory: 
B Sleep within 17 minutes, 
on average 
m Sleep for 7 to 8 hours, 
on average 
m Sleep with fewer nighttime 
awakenings 
m Continued effectiveness 
over 28 consecutive nights 
of administration 


Dalman 
flurazepam HCI) © 





Before prescribing Dalmane (flurazepam 
HCI), please consult complete product 
information, a summary of which follows: 
Indications: Effective in all types of insom- 
nia characterized by difficulty in falling 
asleep, frequent nocturnal awakenings and/ 
or early morning awakening; in patients 
with recurring insomnia or poor sleeping 
habits; in acute or chronic medical situa- 
tions requiring restful sleep. Since insomnia 
is often transient and intermittent, pro- 
longed administration is generally not neces- 
sary or recommended. 
Contraindications: Known hypersensitivity 
to flurazepam HCl. 
Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazard- 
ous occupations requiring complete mental 
alertness (e.g., operating machinery, driving). 
Usage in Pregnancy: Several studies 
of minor tranquilizers (chlordiaze- 
poxide, diazepam, and meprobamate) 
suggest increased risk of congenital 
malformations during the first trimes- 
ter of pregnancy. Dalmane, a benzo- 
diazepine, has not been studied ade- 
quately to determine whether it may 
be associated with such an increased 
risk. Because use of these drugs is 
rarely a matter of urgency, their use 
during this period should almost al- 
ways be avoided. Consider possibility 
of pregnancy when instituting therapy; 
advise patients to discuss therapy if 
they intend to or do become pregnant. 
Not recommended for use in persons under 
15 years of age. Though physical and psy- 
chological dependence have not been 
reported on recommended doses, use cau- 
tion in administering to addiction-prone 
individuals or those who might increase 
dosage. 
Precautions: In elderly and debilitated, limit 
initial dosage to 15 mg to preclude over- 
sedation, dizziness and/or ataxia. Consider 
tential additive effects with other hypnot- 
ics or CNS depressants. Employ usual pre- 
cautions in patients who are severely 
depressed, or with latent depression or sul- 
cidal tendencies. Periodic blood counts and 
liver and kidney function tests are advised 
during repeated therapy. Observe usual pre- 
cautions in presence of impaired renal or 
hepatic function. 
Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and fall- 
ing have occurred, seth in elderly or 
debilitated patients. Severe sedation, leth- 
argy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 


One 30-mg capsule h.s.— usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.— initial dosage for 
elderly or debilitated patients. 


have been reported. Also reported: head- 
ache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occur- 
rences of leukopenia, granulocytopenia, 
sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, hal- 
lucinations, paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
and elevated SGOT, SGPT, aul and direct 
bilirubins and alkaline phosphatase. 
Dosage: Individualize for maximum benefi- 
cial effect. Adults: 30 mg usual dosage; 15 
mg may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until - 
response is determined. 

Supplied: Capsules containing 15 mg or 30 
mg flurazepam HCl. 
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INTRODUCING THE 





VENTURI 4-WEEK 
STOP SMOKING 


SYSTEM. 





What Is The Venturi Stop Smoking 
System? The Venturi System is nota filter or 
condenser — but a unique, patented device 
that traps cigarette tars and nicotine using 
the centuries old Venturi Principle 


The Story Behind The Venturi Prin- 
ciple And Our System. The principle actu- 
ally started before Venturi himself. Dr. Daniel 
Bernoulli formulated the basic theory on gas 
and fluid kinetics in 1738 


Itwasntuntil 1791 that G. B. Venturi 
using Bernoullis Law — formulated his prin- 
ciple to measure and 
regulate gas and 
liquid flow 


The principle's 
‘first practical applica- 
tion came in 1886, 
when an American 
engineer, Clemens 
Herschell, developed 
the Venturi Tube. It À ; 
wasn tlong before the G. B. VENTURI 
Venturi Tube was 1746-1822 
used in medicine— in bedside aspirators for 
critical respiratory management, for 
example 





The Venturi Principle was first 
applied to cigarette smoking in 1963 with the 
development of the TAR GARD® cigarette 
filter/holder. TAR GARD* holders help re- 
duce the tar and nicotine intake of smokers 
who cantor wont stop smoking. Several 
years after, the TAR GARD* approach was 
used to help pipe smokers as well 


Now, in 1977, the TAR GARD* con- 
cept goes one step further — The Venturi 
4-Week Stop Smoking System 


How the Venturi System Works. With 
the Venturi System, patients continue to 
smoke their regular brand, but gradually cut 
back on their tar and nicotine intake 


omoke entering a Venturi holder 
accelerates to over 200 mph before it 
crashes into a barrier. There harmtul high 
temperature tars and nicotine precipitate 
and collect 






Venturi chamber Smoke enters through 
accelerates smoke pinpoint opening. 
to 200 mph. 

Smoke crashes 

into barrier 

that traps tars. 


Each Venturi cigarette holder is used 
for one week. The first holder removes 1596 
of the tars and nicotine from the smoke 
stream; the second — 30%: the third — 65%: 
the fourth — 95%. By the end of the fourth 
week, the patient is one short step away 
from stopping 


Things Your Patients Should Know 
About Smoking. 


Cigarette smoking is truly an addic- 
tion. The confirmed smoker suffers 
under a craving and compulsion like 
that of a drug addict 


Smoking tobacco is essentially a way 
to inject" nicotine into the bcdy 


* Nicotine is a colorless, oily ccm- 
pound which in concentration is one 
of the deadliest poisons known. In 
fact, a 70 mgs. injection can cause 
death within a few minutes 


Nicotine poisoning symptoms in- 
clude dizziness, rapid pulse, cold and 
clammy skin, nausea and vomiting. 
Habitual smokers may sometimes ex- 
perience these symptoms and 
attribute them to other causes 


* Aside from the hazards of nicotine 
addiction, smoking exposes your 
patients to carcinogens. Smokers are 


also more prone to A 
cardiovascular and “av 
respiratory diseases "y 
4 

A Special Offer — STOP-Sup 


To The Medical Pro- ; 
fession. The Venturi 4- 777^ 
Week Stop Smoking Qe 
oystem can be a 

valuable clinical instru- 

ment to help patients = 


that have tried or C» 


should try to stop smoking 


To introduce you and your patients to 
the Venturi System, were offering Venturi 
oystemsata special professional price. Each 
system contains: 4 Venturi holders — phases 
1 through 4; a program that tells patients 
what to expect and what to do; plus guide- 
lines on how to quit for good after the 4th 
Venturi week 


Venturi Systems (a 
$2.00 (Special Professional Price) 


Send me 


| enclose a check or money order for 


$. —. Calif. residents add 6% sales 
tax 


| Clip this coupon to your professional 
| letterhead or card and mail to 
PROFESSIONAL SYSTEM REQUEST 
| Venturi, Inc 
1610 Rollins Road 
| Burlingame, CA 94010 


Name 





Medical/Dental Specialty 


Address 





City/State/Zip 





| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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A product of ont ıc SUBSIDIARY OF Bisse llinc. 


VENTURI SYSTEMS ARE ALSO AVAILABLE AT THE PRESCRIPTION COUNTER IN LEADING DRUG STORES. 
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A SINGLE UNIT WITH TW 
ENTICAL TO A4000 EUR VAC CLE 


© Copyright 1976 by Krale 


Announcing another PLEUR-EVAC advance: 


ADULT- PEDIATRIC 








fs 
£200 


- 3^4 









1900 
1806 
1700 
WETER x 
ACHANBER ‘IBAA 
é | | 600 
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Two independent Collection Chambers (Major & Mi- 
nor) are connected in parallel with the Suction Control 
Chamber and the Water-Seal Chamber. 

e Suction in both Collection Chambers is identical. 

e Water-seal protection in both Collection Chambers 

is identical. 

Each independent Collection Chamber (Major & Mi- 
nor) is equipped with a 6' length of rubber tubing for 
connection to patient's thoracotomy tube. 

* Major Collection Chamber is calibrated in 2 cc. in- 

crements up to 260 cc. Over 260 cc., calibrations 
are in 5 cc. increments up to 2400 cc. 


( INDEPENDENT COLLECTIO 







1206 


CHAMB 


1000 200 200 

| PA 

900 50. 150, 

l E a 
800 100 i 


700 a» 90 





e Minor Collection Chamber is calibrated in 2cc. in- 
crements up to 260 cc. and in 5 cc. increments up 
to 600 cc. 


One Pleur-evac Unit fulfills the function of two with 
commensurate savings. 


Sterile and disposable, this new unit incorporates the 
three separate chambers (Suction Control, Water-seal 
and Collection) plus an additional Collection Chamber 
into a unitary construction. 


As with all Pleur-evac Units, you are assured of op- 
timum speed, safety and convenience. 


For a demonstration at your hospital, contact your local representative or write: 


K 


KRALE 


Division of Deknatel, Inc. Queens Village, New York 11429 


PLEDGED TO CONTINUING RESEARCH IN CHEST DRAINAGE 





LOW DOSE 
HEPARIN 
THERAPY 


A RETROSPECTIVE 
REVIEW 
NEWER ASPECTS OF 


HEPARIN THERAPY 
BY SOL SHERRY, M.D. 








EXCERPTA MEDICA 






A “state of the art” report on the use of 
heparin minidoses, abstracted from the 
worldwide literature by the editors of 


Excerpta Medica Foundation. Published 
as a service of Organon Pharmaceuticals. 


Liouaemin Sodium 


heparin sodium injection USP 





Free from Organon 





Organon Pharmaceuticals 
A Division of Organon Inc. 
! West Orange, N.J. 07052 


A PART OF (“kK Z20/N6 IN 


Please send me, free of charge, this special rep 
on low dose heparin therapy. 


NAME 





(please print) 
ADDRESS 


CITY 





STATE ZIP 
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*, . . extremely well written by a surgeon who has been intimately associated with the 
subject of surgical technique for many years and in all its phases: teaching, research 


and, most of all, extensive practical experience." —lnternational Surgery. 


ATLAS OF SURGICAL TECHNIQUES 


By Philip Thorek, M.D., F.A.C.S., F.I.C.S. 
Illustrated by Carl T. Linden 


From tracheostomy to subtotal gastrec- 
tomy, each procedure presented in this 
atlas has proven its advantages over 
and over again in the operating room. 
In collaboration with the brilliant medi- 
cal artist Carl T. Linden, Dr. Thorek 
covers the surgical problems most fre- 
quentlv encountered in daily practice. 
You'll find pages devoted to procedures 
such as herniorrhaphy, splenectomy, 
thoracostomy, hemorrhoidectomy, etc. 
Each operative procedure is clearly pre- 
sented, step-by-step, on a right hand 
page, with explanatory text on the fac- 
ing page. 


Where competitive techniques for given 
conditions exist, Dr. Thorek states his 
preferences with characteristic clarity 
and candor. Every choice is critically 
discussed and firmly supported in the 
detailed presentations. 


All the illustrations are original, the text 
type is large and legible, and the beauti- 
ful illustrations are labelled with maxi- 
mum clarity. The author’s reputation 
as a medical communicator is once again 
demonstrated in this, his latest work. 


As a reviewer said of a previous book 
on which Dr. Thorek and Carl T. Linden 
collaborated: “The author has a quite 
exceptional power of compressing all 
the essentials of description in the 
briefest possible space; the artist has 
an equal power of expressing the de- 
scriptions in visual form. it is a very 
rare and happy combination." 


Every surgeon, from resident to chief of 
service. will want to include this helpful 


atlas in his armamentarium. 


1970 * $22.00 


80 full pages of illustrations containing 655 figures 


196 pages ° 





C] Charge and Bill Me 


(Plus postage & handling) 


l 

| J. B. LIPPINCOTT COMPANY 

| ington S 2 7 

| Philadelphia, Pe. 19105. Lippincott 

| Please send me: | 

| C] ATLAS OF SURGICAL TECHNIQUES......... $22.00 | 
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NEW gem 


ANTIMICRODIAL SKIN CLEANSER 





3 ? : T 
NEW 
CHLORHEXIDINE GLUCONATE 


ANSWERING THE HOSPITAL 
NEED FOR A WIDE-RANGE 
ANTIMICROBIAL CLEANSER... 


GENTLE TO 


THE SKIN IT CLEANSES. 


AS A SIX-MINUTE AS A HANDWASH AS A WOUND CLEANSER 
A "Mit 





ANTIMICROBIAL EFFECTIVENESS 


3Wide-range antimicrobial 
» activity. "ege 
HIBICLENS 
bacteria (ug./ ml.) 
Staphylococcus species 0.25— 2.5 


The active ingredient in HIBICLENS, 

chlorhexidine gluconate, has proven effective 

in vitro against a wide range of organisms 

commonly encountered in the hospital. 

gram-negative : ^ — 7.5 

i ee 
Proteus species 
Pseudomonas aeruginosa 


Representative organisms included in the 
Serratia marcescens 



















HIBICLENS spectrum are listed opposite...with 
corresponding MIC's (Minimum Inhibitory 


E —12.5 
25.0 —50.0 
250 —75.0 








Concentrations): 
— 
activity. 


& Jince HIBICLENS kills bacteria on contact, 
repeated cleansing is not necessary for a 
high level of effectiveness. This is especially 
helpful in the prevention of cross-infection 
between patients and health-care personnel. 


immediately after initial scrub with 
HIBICLENS *. 

immediately after 11th scrub with 
HIBICLENS* 


% reduction of bacterial flora over baseline 


8 hours after a 5-minute HIBICLENS 
wash 










Persistent antimicrobial 
activity. 
HIBICLENS maintains a high level of residual 
activity...thereby helping to prevent bacterial 















regrowth. | 
3 hours after a 2-minute HIBICLENS 
wash?: 
‘ SAFE AND NONIRRITATING 
Extensive clinical trials have revealed no irritation or sensitization. 
evidence of toxicity with the use of And when used as a cleanse for superficial 
HIBICLENS. skin wounds; HIBICLENS will neither cause addi- 
Moreover, HIBICLENS can be used many tional tissue injury nor delay wound healing: 


times a day without any significant problem of 


AS ELEGANT AS IT IS EFFECTIVE 





HIBICLENS has an elegant consistency that The light, agreeable scent of HIBICLENS is 
leaves the skin smooth and supple...even with another factor that makes it especially pleasant 
repeated use. to health-care personnel. 


HIBICLENS is nongreasy...and rinses away 
*. easily. Its soft, lubricating feel is highly accept- f fs 
able to those who use it in the hospital eferences: l. Data on file, Stuart Pharmaceuticals. 2. Sevens, F., et al. 


Medikon 2:369 (Oct.) 1973. 3. Lilly, H.A., and Lowbury, E.J.L.: Brit. Med. J. 
environment. 4:372 (Nov. 16) 1974. 


*HIBICLENS is for external use only. It should be kept out of eyes and ears. 


THE CLASSIC CLEANSE OF 
TOMORROW... 


® 
NEW 
CHLORHEXIDINE GLUCONATE 
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For use in surgical For use in general 

scrub areas: hand-washing locations 

|_| Q2-oz. disposable plastic bottle — |_| 4-oz. and 8-oz. squeeze bottles — 
with a special wall dispenser with turret disoenser cap for quick, 
operated by foot pedal. easy use. 


| | 32-0z. disposable plastic bottle — 
witha special wall dispenser operate: 
by foot pedal...or with self-metering 
hand pump. 


| L.] 1-gallon plastic bottle — with self- 
STUART PHARMACEUTICALS | Wilmington, DE 19897 
» digas A avian d Rat meterina hand e 1o 
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Is Rib Resection Necessary for Relief 
of Thoracic Outlet Syndrome? 


J. MANLY STALLWORTH, M.D., GERALD J. QUINN, M.D., ALBERT F. AIKEN, M.D. 


Between 1966 and 1975, 425 patients with thoracic outlet 
symptoms were studied; 146 operative procedures were 
carried out in 103 of these patients. Division of soft tissues, 
only, in 129 cases offered relief of symptoms. In 10 cases 
bone resections (four cervical ribs, one second rib, one 
clavicle, and four first ribs) were done in an attempt to relieve 
the outlet problems. Preoperative evaluation included neuro- 
logical consultation, x-rays of the neck and chest, detailed 
non-invasive oscillographic recordings of arterial flow during 
various outlet maneuvers, angiograms and in many instances 
electromyograms and nerve conduction studies. The axillary 
surgical approach to the various compression areas was pre- 
ferred in that hyperabduction of the arm and costoclavicular 
maneuvers could be carried out under direct observation of 
the involved vessels. Accurate appraisal of the compression 
point could be assessed before and after the involved struc- 
ture was divided or removed. Complications were limited to 
two hematomas postoperatively, and transient paralysis of the 
diaphragm in one patient. In all patients the vessel com- 
pression was relieved at the time of operation. In no instance 
was the first rib emperically removed as a ‘‘cure all’’ proce- 
dure. Six months following operation, patients were re- 
evaluated and all except 8 patients (11 operative proce- 
dures) had relief of symptoms for a success rate of 92.5%. 


N 1821 SIR ASTLEY COOPER described the symptoms 
I of thoracic outlet syndrome.‘ The first reported sur- 
gical treatment for this syndrome was excision of a 
cervical rib by Coote in London in 1861.» Bramwell 
suggested the relationship between a normal first rib 
and brachial plexus compression in 19032; subse- 
quently, in 1908 Roberts described the various ana- 
tomic forms which a cervical rib could assume and 
described the variety of associated symptoms.!? 
Thomas Murphy first removed a normal first rib to 
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Association, December 5-8, 1976, Palm Beach, Florida. 

Submitted for publication: December 10, 1976. 

Reprint address: J. Manly Stallworth, M.D., Vascular Laboratory, 
Roper Hospital, Charleston, S.C. 29401. 


581 


From the Departments of Surgery and Neurology, 
Roper Hospital and Medical University of South Carolina, 
Charleston, South Carolina 





provide relief of the syndrome in 1910 using a supra- 
clavicular approach, and reported complete relief of 
symptoms. !! 

Many papers have been written describing the mixed 
neurologic, arterial and venous symptoms of brachial 
bundle compression, which include pain, paresthesia, 
numbness, paresis, discoloration, swelling, and in 
some cases, ulceration, gangrene and Raynaud’s 
phenomenon (Fig. la—d). In 1956 Peete et al. reviewed 
the literature on neurovascular compression and ad- 
vocated grouping the symptom pattern together as 
"thoracic outlet syndrome" (which will be used 
throughout in this paper) or ‘‘brachial plexus syn- 
drome'".? Lord's review of the various symptoms, 
diagnostic methods and anatomical descriptions of the 
syndrome also called attention to the carpal tunnel 
syndrome and its relation to the thoracic outlet syn- 
drome.'® Ochsner et al. suggested the importance of 
oscillometric studies on patients with scalenus anticus 
syndrome or cervical rib.?? 

Operative intervention for relief of symptoms of the 
syndrome has included scalenotomy as advocated by 
Adson and Coffey in 1927,! resection of the cervical 
rib by Rob in 1958, resection of the clavicle by 
Lord in 1971,? and resection of the normal first 
rib by Murphy in 1910." A posterior approach for 
rib resection was described by Clagett in 1962 for 
relief of all forms of the thoracic outlet syndrome? 
Roos and Owens advocated using the transaxillary 
approach for first rib resection concomittent with 
section of scalene anterior and middle muscles in 
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Fic. 1(a—c). (a) (left) X-ray evidence of cervical rib; (b) (center) arteriogram showing flattening effect of rib on subclavian artery; (c) (right) 
reverse image arteriogram showing brachial artery emboli and occlusion. 


1966.19:5 Subsequently, in 1971 Roos advocated re- 
moval of the second rib if, at the time of opera- 
tion, it was found that this rib seemed to be part 
of the mechanical compression on the neurovascular 
bundle." Silver advised removal of the pectoralis 
minor tendon as well as the first rib in some 
cases.? Lord divided the costocoracoid and scalene 
middle muscle,? while Johnson mentioned the necessity 
of dividing tendonous bands in the involved area.” 

In general, the recent trend has been toward resec- 
tion of the first rib more or less empirically to relieve 
the thoracic outlet syndrome as advocated by Dale, 
Roos, Sanders, Urschel and many others.9:19:1977 How- 
ever, recently Lord stated that he was concerned 
that transaxillary resection of the first rib might soon 
“fall into disfavor” since selection of patients is dif- 
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Fic. 1d. Photograph of hands of the same patient with gangrene 
of fingers. 


ficult. He stated further that most of his patients with 
thoracic outlet syndrome are operated upon because 
of arterial or venous symptoms.* 

Since rib resections were necessary in only 9 of 
103 patients (146 operative procedures) in our series 
having thoracic outlet syndrome, to achieve a success 
rate of 92.5%, this paper is presented in an effort 
to promote a more accurate appraisal of the mechani- 
cal problems involved instead of a standard first rib 
resection as a "'cure-all" for the multiple disorders. 


Methods and Materials 


Between 1966 and 1975, 425 patients with symptoms 
of thoracic outlet syndrome were studied; 245 pa- 
tients were shown by recording oscillography to have 
diminution of brachial artery pulsation during one or 
more of the outlet maneuvers. Of this latter group, 
103 patients had 146 operative procedures (one or both 
extremities) for correction of thoracic outlet syndrome. 
[n only 9 patients were resections of ribs (four of which 
were accessory cervical ribs) and in one case the 
clavicle, necessary in an attempt to relieve the 
symptoms. 


Diagnosis 


Preoperative evaluation included neurological con- 
sultation, x-rays of the chest and cervical spine, 
detailed non-invasive oscillographic recordings of 
arterial flow during various thoracic outlet maneuvers. 
Arteriograms were done in those situations where 
obstructive arterial disease was considered a primary 
complication and phlebograms were done when severe 
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Fic. 2. Operative procedure: (top left) method of draping arm sterily in order to maneuver the shoulder during operation; (bottom left) 
identifying axillary structures; (top right) exploration of axilla during hyperabduction maneuver; (bottom right) exploration of axilla during 
costoclavicular maneuver. 


venostasis was one of the primary presenting symp- 
toms. In many instances nerve conduction and/or elec- 
tromyograms were done. Each patient was evaluated 
individually, and there was obvious oscillometric evi- 
dence of attenuation of the brachial and/or wrist 
vessel pulsations during the Adson, costoclavicular or 
hyperabduction maneuvers. The symptoms of which 
the patient complained were duplicated during the 
performance of one of the maneuvers which subdued 
or obliterated pulses before operative plans were 
considered. 


Non-operative Treatment 


Prior to operative intervention, conservative meas- 
ures included specific shoulder bracing and strengthen- 
ing exercises. In those cases where this was found to 


be beneficial, the patient continued the exercises for 


an extended period of time. Cervical traction was 
sometimes prescribed as a therapeutic trial. Patients 


with pendulous breasts were advised to pad the 
brassiere straps to avoid pin-point pressure on the 
clavicle as it crossed the ribs. Markedly obese pa- 
tients who showed prominence of folding rolls of fat 
in the axilla during adduction were given dietary 
instructions. If there measures failed to relieve the 


TABLE 1. Soft Tissue Findings in 146 Procedures 
ee A 
External plaque (scarring of axillary artery) 23 
Thickened and tendonous muscles 107 

Pectoralis Minor muscle 79 

Scalene Anterior muscle 16 

Subclavian muscle 12 
Accessory tendonous bands |: 
Perforation of muscle by nerve trunk 
Congenital variance of pectoralis minor 
Arterial occlusion or stenosis 
Arterial dilitation or tortuosity 
Venous compression 
Raynaud's phenomenon 
Gangrene of fingers 
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TABLE 2. Results in 146 Operative Procedures (103 Patients) 


Not 
Operative Procedure Improved: Improved Total 

Division pectoralis minor 

muscle 61 FA 63 

& scalene anterior muscle 27 | 28 

& subclavian muscle 26 3 29 

& upper dorsal sympathec- 

tomy 3 0 3 

Division scalene anterior 

muscle 11 | 12 
Division pectoralis major 

muscle | 0 | 
Total Muscle Divisions 129 7 136 
Resection first rib 0 a* 

& pectoralis minor muscle | 0 | 
Resection second rib & pec- 

toralis minor muscle | 0 | 
Resection accessory cervical 

rib l | 2 

& pectoralis minor muscle 2 () 2 
Resection portion of clavicle 

& pectoralis minor & sub- 

clavian l () | 
Total Bone Resections 6 4 10 


Total Operative Procedures 135 (92.5%) 11 (7.5%) 146 





* Two patients had multiple procedures without improvement. 
Two patients operated upon as therapeutic trial. 
No residual neurological or vascular deficit. 


symptoms and the oscillometric criteria above were 
met, exploration of the axilla was suggested to the 
patient. 


Operative Procedure 


Prior to 1968 the anterior subclavicle (deltopectoral 
groove) or supraclavicular approach was used in most 
instances, but more recently the transaxillary approach 
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Fic. 3. Photograph of hands of patient having had thrge unsuccessful operative procedures in an effort to improve the median and ulner nerve a 
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to the structures was usually selected because of 
better exposure and cosmesis in exploring the more 
common causes for the thoracic outlet syndrome. 
With the patient lying on his side and the sympto- 
matic shoulder exposed, the arm is draped in a 
sterile manner and an incision is made in the axilla. 
Hyperabduction and costoclavicular maneuvers can be 
carried out under direct observation (Fig. 2). With the 
exception of scalene anterior syndrome, accurate anal- 
ysis of the compression point can be assessed not 
only before the structure involved is removed or 
divided, but also afterwards, when failure or success 
in relieving the vessel compression can be predicted. 
In all patients the vessel compression was found, 
by palpation, to be relieved at the time of operation. 
[n no case was the first rib removed as a ‘‘cure-all”’. 


Findings 


Rarely in our experience were bones involved in 
compression of the neurovascular bundle. In only 9 
cases was resection of the first, second, or accessory 
cervical ribs, and in one instance the clavicle, neces- 
sary in an attempt to relieve compression. In 135 cases 
division of the pectoralis minor muscle tendon, scalene 
anterior muscle, subclavian muscle and/or anonama- 
lous band were found to be the offending structures 
causing the compression on the axillary artery. In one 
case the pectoralis major and an anonamalous band 
caused venous compression. Table | tabulates the soft 
tissue findings in 146 operative procedures. In 107 cases 
the pectoralis minor, scalene anterior or subclavian 
muscle was markedly thickened and tendonous and in 
23 cases there was scarring or callous-liké formations 
palpable and visible on the axillary artery. There 





dysfunction. Finally a biopsy of a digital nerve showed "primary peripheral neuropathy, chronic and non-specific’. 
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Fic. 4a. Adson maneuver, head to right. 


were five cases of venous occlusion by tendonous 
muscles. In no case was a structure divided or re- 
sected unless it was found to be compressing the 
neurovascular bundle on palpation and inspection by 
the surgeon and confirmed by his assistant (Fig. 2). 


Complications 


Using the transaxillary, infraclavicular or supraclavic- 
ular approaches, we have not encountered any intra- 
pleural complications. Post-operative complications 
were limited to hematomas in two patients and tem- 
porary paralysis of the diaphragm in one patient who 
had scalenotomy. 
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Fic. 4b. Oscillometric trac- 
ing shows obliteration of 
pulses on right (positive 
Adson maneuver). 
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Results 


Six months following operation, the patients were 
re-evaluated; the results are tabulated in Table 2. In 
135 cases there was no residual neurological or 
vascular deficit. Of the 11 cases (8 patients) not 
improved, two had had bilateral muscle division with 
improvement on one side; one of these patients had 
subsequent upper dorsal sympathectomy for the pain- 
ful extremity, still without improvement and one had 
subsequent rib resection for the painful extremity 
without improvement. One patient had already under- 
gone bilateral first rib resection with no improvement 
and had the pectoralis minor muscle divided with- 
out further change; this patient was later diagnosed, 
by nerve biopsy, as having "'primary peripheral 
neuropathy, chronic and nonspecific” (Fig. 3). Another 
patient was improved after division of the carpal 
ligament, while still another had division of the 
scalene anterior muscle with complications of transient 
diaphragm paralysis, and no improvement of symp- 
toms. Two patients were operated upon as a "'thera- 
peutic trial in that the symptoms were bizarre and 
did not fit any particular pattern of thoracic outlet 
syndrome; they were advised pre-operatively that the 
symptoms might not be altered appreciably by the 
surgical intervention. One patient remained unim- 
proved following resection of a cervicle rib. 


Discussion 


Thoracic outlet syndrome is more complex than a 
mechanical clavicle to rib compression; thus diag- 
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Fic. 5. (left) Costoclavicular maneuver: (right) x-ray during costoclavicular maneuver shows clavical crossing the first and second ribs. 


nostic and operative procedures should be indi- 
vidualized to the patient's problem. In our series 
146 operative procedures were carried out in 425 
patients with thoracic outlet symptoms. 

Compression significant enough to cause neurologi- 
cal symptoms will simultaneously obstruct, to some 
degree, the venous or arterial flow. While nerve 
conduction and electromyograms are impressively ac- 
curate in carpal tunnel syndrome, they were found to 
be of little value in thoracic outlet syndrome. Using 


POSITIVE COSTOCLAVICULAR MANEUVER, RIGHT 


RIGHT WRIST 
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the portable recording oscillograph, arterial flow eval- 
uation is relatively simple and accurate.*! 

There has been some discrepancy in the descrip- 
tion of the thoracic outlet maneuvers used in the 
diagnosis of the syndrome. The maneuvers used by 
the authors are those described by Lord and Rosati’® 
and illustrated by Netter in Ciba Clinical Sympsia 
(1971). The Adson maneuver was first described by 
Adson and Coffey in 1927! and is illustrated in 
Figures 4a and b. The costoclavicular maneuver 
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Fic. 5c. Oscillometric trac- 

! ing shows obliteration of 
CONTROL " ^ pulses on left (positive 
MM costoclavicular maneuver). 
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Fic. 6. (a) Hyperabduction maneuver, position one. 


(exaggerated military position) was first described by 
Falconer and Weddel in 19457 and is illustrated in 
Figure 5a-c. Wright first described the hyperab- 
duction maneuvers in 1945?? and is illustrated in 
Figures 6a-e. 

Radial pulse was monitored by a Gesenius and 
Keller oscillograph* first with the patient seated in 
a straight back chair with the hands resting on the 
knees for a control tracing (that arterial pressure 
level at which the largest pulse amplitude is recorded). 
The oscillometer pressure was kept at the control 
level as the patient was led through the various 
maneuvers. The patient carried out the maneuvers 
under his own muscle power and at no time were 
the arms passively raised by the technician. The 





* Propper Manufacturing Co., Long Island, New York. 





Fic. 6b. Hyperabduction maneuver, position two. 
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Fic. 6c. Hyperabduction maneuver, position three. 


patient indicated the position at which his symptoms 
were reproduced. 


While an arteriogram is helpful in revealing the 
location of an obstruction, it does not specifically 
identify the offending structure (Fig. 7). Only at opera- 
tion when the patient is placed on his side with the 
affected arm upright and draped in such a manner as 
to allow the thoracic outlet maneuvers to be carried 
out sterily, can the offending part be identified 
accurately. 

Similarly, phlebograms show the location of obstruc- 
tion, but usually under direct observation during 
operation, the offending structure can be more ac- 





FIG. 6d. X-ray during marked hyperabduction (position three) shows 
relationship of bone structures. 
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Fic. 6e. Oscillometric tracing shows obliteration of pulses on right (positive hyperabduction maneuver). 


curately appraised. One patient developed cyanosis 
of the entire upper extremity when the arm was held 
in adduction. When working in this position he de- 
veloped tingling and finally incapacitating pain. Phlebo- 
grams showed the pectoralis MAJOR to be the apparent 
compressive structure (Figs. 8a and b). This was con- 
firmed at exploration of the axilla and following divi- 
sion of the pectoralis major, the symptoms cleared. 

In our experience there have been soft tissue 
elements such as anamolous bands, overly developed 
muscles and tendon-like muscles as the main etiological 
factors. In 23 patients there was gross scarring on 
the subclavian or axillary artery at the point of 
compression. 

In only four operative cases was the first mb re- 





sected: in three cases there was no improvement. 
In four cases, an accessory cervical rib was resected; 
in one case with rib resection alone, there was no 
improvement, and in three cases the cervical rib as 
well as the pectoralis minor was divided resulting 
in improvement of symptoms. In one operative pro- 
cedure the second rib and pectoralis minor was 
divided resulting in improvement. Another patient had 
resection of an abnormal protuberance of the clavicle 
along with division of the pectoralis minor and sub- 
clavian muscle resulting in improvement of the thoracic 
outlet symptoms. 

None of our patients were finally evaluated until a 
lapse of 6 months. Earlier appraisals, before the 
patient resumed the usual daily physical activities, 


Fic. 7. (left) Arteriogram of 
patient with arm adducted; 
(right) arteriogram of same 
patient with arm hyperab- 
ducted, showing narrowing 
of axillary artery. At opera- 
tion the offending structure 
was found to be the pec- 
toralis minor muscle. 
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Fic. 8a. Phlebogram with patient's arm adducted showing narrowing 
of axillary and cephalic veins. Offending structure was found at 
operation to be the pectoralis major. 





Fic. 8b. Phlebograms of same patient with arm hyperabducted 
showing relief of obstruction. 
were believed invalid because of soreness. swelling 
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DISCUSSION 


Dr. LESTER R. BRYANT (New Orleans, Louisiana): I do agree 
with the point that he has made that those patients who are 
thought to have a thoracic outlet syndrome, whether the pre- 
dominant symptoms are vascular or neurological, should not be 
thought of as having primarily a rib compression problem. I 
would not disagree with his concept that many can be relieved 
without resection of the first rib. Many of the patients who are 
referred to our group have previously had first rib resections 
by the transaxillary approach. 

(Slide) This slide will illustrate the type of patient that we 
see for reoperation, a young housewife in her thirties. It's ap- 
parent that the subclavian artery here is kinked severely, and 
there's post-stenotic dilatation, with the arm in a neutral posi- 
tion. (Slide) Here we can see that with the arm abducted, the 
artery is straightened out. The patient volunteered that during 
the day, as she would work with her arm down, she would have 
vascular symptoms. I am showing this as an expample of a vas- 
cular case but the great majority of ours are patients with 
neurological symptoms. 

She could not, however, walk around with her arm held up 
all day, so something had to be done. 

(Slide) As a matter of fact, the history revealed that 10 years 
earlier, around 1966, she had undergone a transaxillary resection 
of her right first rib. The operative notes said that a cervical 
rib was present, and that it was removed. 

This oblique x-ray view, however, shows the cervical rib with 
its projection anteriorly toward the brachial plexus. At operation 
we found a dense fibrous band leading from the rib to the sub- 
clavian artery, and also partly compressing the brachial plexus. 

(Slide) This lady was completely relieved by the procedure that 
we have now adopted for all the complicated cases, and for the 
reoperations, and that is a posterior and parascapular approach. 
In addition to the relief of the anatomical abnormalities, it lets 
us demonstrate to our surgical residents the anatomy of the thoracic 
outlet in a far superior fashion than we can do with the trans- 
axillary approach. 

(Slide) And the final slide shows another type of problem that 
we see, a patient with a complex, abnormal thoracic outlet. I 
think you can see the bridging of the ribs here, fusion and 
bridging of ribs on this side, and marked anatomical abnormalities 
here. 

This type of patient clearly has to have resection of bone in 
order to have relief of the thoracic outlet symptoms. 


Dn. JERE W. LORD, JR. (New York, New York): If you recall, 
Drs. Coffey and Adson first described the Adson maneuver and 
along with Dr. Alton Ochsner were leaders in this field in 
the thirties and the forties. At that time most surgeons were 
sectioning the scalenus anticus muscle, and not infrequently, the 
results were poor. 

In 1966 Roos and Owens described their technique of the trans- 
axillary approach to the first rib which was adopted by many 
surgeons throughout the country to the extent that it became the 
routine procedure for patients requiring an operation for the relief 
of symptoms arising in the thoracic outlet. In my limited tech- 
nical skills, I found the operation to be relatively difficult, per- 
forming some 25 such procedures. The results were on the whole 
good, but no better perhaps than with the former ways we 
approached the problem. It has been our view that each patient's 
problem should be individualized and operated upon, when neces- 
sary, with a specific operative procedure. 

Now. Dr. Stallworth and his associates suggest that we should 
resect the first rib only when it is clearly indicated. He also 
brought to our attention the importance of the pectoralis minor 
muscle and tendon. Peter Stone and I published a paper on pec- 
toralis minor tenotomy with section of the scalenus anticus muscle for 
the treatment of the hyperabduction syndrome coupled with com- 
pression and thrombosis of the subclavian vein. This was not 
only forgotten by everyone else but also forgotten by me. 
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Frankly, except for the better cosmetic result of the trans- 
axillary incision, I believe the approach should be a supra- 
clavicular one for the scalenus anticus and cervical rib; and if 
more needs to be done, which it often does, the pectoralis minor 
is sectioned through an infraclavicular incision. In a few patients 
the costocoracoid ligament and the subclavius muscle can be 
removed through that same incision. We agree that the first 
rib resection should be reserved for relief of a constriction of 
the neurovascular bundle by the clavicle and the first rib. 


Dr. HAROLD C. UnscHEL, JR. (Dallas, Texas): I rise to sug- 
gest caution with regard to his early optimism in the treatment of 
thoracic outlet syndrome by these techniques described for the 
following reasons. 

When Dr. Claggett presented his work regarding the first rib 
as the common denominator for many of the multiple compression 
mechanisms of the outlet, we reassessed 150 patients in whom 
scalenus anticus, pectoralis major and minor muscles, and cervical 
rib resections had been performed, and followed over a period of 
time from five to 15 years. There was a 60% recurrence rate, 
and 40% required reoperation. The average time of recurrence 
was five years, and that has held up in our subsequent series for the 
average time of recurrence for thoracic outlet syndrome. 

In over 900 cases assessed with first rib resection for the 
thoracic outlet, we have had a 4% recurrence incidence, with 
only 1% requiring reoperation. This is markedly better than the 
recurrence rate reported here by Dr. Stallworth. 

I would seriously question the diagnostic acuity of the maneuvers 
and manipulations described by Dr. Stallworth, both to establish the 
diagnosis and to relate the diagnosis to symptoms. Compression 
tests are positive in many normal people, and it has been 
impossible for most to isolate which of the multiple compression 
mechanisms in the thoracic outlet are responsible for the symptoms. 
We're lucky to pinpoint the compression between the neck and 
the shoulder in the outlet. Objective conduction velocities of the 
ulnar. median. and musculocutaneous nerves, performed routinely 
with electromyography, is the most reliable objective test to establish 
the diagnosis and assess the various forms of treatment. 

It has taken 50 years to eliminate unreliable diagnostic and 
therapeutic steps similar to those described today, and to recog- 
nize the value of first rib resection over a long follow-up period 
when medical therapy is not successful. Let us not retrogress. 


Dr. ANDREW W. DALE (Nashville, Tennessee): Dr. Stallworth 
has pointed up a question which has been slowly emerging as 
to whether the first rib is actually a panacea for this procedure. 

Two years ago at this meeting we reviewed our experience 
with the treatment of 153 arms in 149 patients. Some of you may 
recall that about two thirds of these people were treated satis- 
factorily without any operative procedure. Among the remaining 
one third who were operated upon, 57% had complete relief 
after operation, generally with a first rib operation, but the 
others were either improved or fell into the 7% complete failure 
rate. 

Dr. Stallworth's report gives further evidence that the radical 
approach, therefore, may not be the final answer. 

I'd like to raise three points, or questions, to him. First, if he will 
describe to us a little bit more about the electromyography ex- 
perience. We feel rather questionable as to whether this is going 
to tell us very much about thoracic outlet syndrome, but do think 
that it helps to delineate carpal tunnel syndrome, which is an 
important thing. 

And second, how useful are arteriograms? In our experience 
— and this is documented to a considerable extent by the 
literature— the arteriogram is not very likely to show much unless 
there is a bony anomaly, and I believe both the arteriograms 
which have been shown this morning did have bony anomalies. 

And finally, what procedures are useful for failed patients? 
Recently, Dr. Urschel has reoperated upon one of our patients 
successfully through the posterior route, and at least that one has 
been very impressive to us. Others, however, whom we have 
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referred to other eminent surgeons out of town have not been 
so satisfactory, and so there continues to be a real problem 
about the patient who has already had one operation. 

The problem of thoracic outlet syndrome, therefore, remains to a 
considerable extent unsolved, and contributions such as this help 
us to learn the answers. 


Dr. Davip Roos (Denver. Colorado): We are all familiar with 
the disconcerting results from scalenotomy alone, which Doctor 
Claggett said reached a 60% failure rate in the Mayo Clinic ex- 
perience, if the patients were followed long enough. My own 
experience differs considerably from the authors’ in that I have 
removed the first thoracic rib in every case of severe thoracic 
outlet syndrome which required operation if conservative manage- 
ment failed. Careful observations at operation indicate that almost 
every patient who has TOS severe enough to require surgical 
relief is found to have a congenital anomaly involving the proximal 
roots of the brachial plexus, particularly the C-8 and T-1 roots, 
which form the inferior trunk of the plexus, and ultimately the 
ulnar nerve peripherally. These anomalies, which consist of muscle 
or fascia bands, functionally act similarly to cervical ribs, and have 
been found in 9896 of my surgical patients. It seems that these 
anomalies around the plexus are the anatomic factors that set 
patients with TOS apart from the general population, and make 
them mechanically predisposed to develop their TOS symptoms. 

Several of these congenital bands are shown in the following 
slides, which have been taken during operation or at cadaver dis- 
sections. I have found 7 distinct types of congenital bands which 
are repeated over and over in various patients who have de- 
veloped severe symptomatic TOS. These anatomic studies were 
presented at the Southwestern Surgical Congress in Houston 
last May, and will be published soon. 

I feel these bands must be completely resected immediately 
after removing the first thoracic rib to afford total decompression 
of the brachial plexus. Removing the first rib alone may not be ade- 
quate, as some of these bands are anchored on Sibson's fascia 
covering the pleura, and often form a sling from the anterior to 
the middle scalene muscles, or the anomalous scalenus minimus 
muscle between the subclavian artery and the brachial plexus. Be- 
cause these anomalous bands affect the proximal part of the 
plexus, I feel that sectioning of the scalene muscles alone will 
not permanently resolve the problem, at least in the patients I see. 
In fact I have evaluated 27 patients who have been referred 
after unsuccessful scalenotomy. Of these 27 patients, I have 
operated on 24 by removing the first rib and congenital muscle 
bands that were missed. Five operations were performed bilater- 
ally, for a total of 29 procedures. Eighteen of the 29 sides operated 
on had total relief following rib and band resection, 8 had gratifying 
improvement, for a 90% success rate, and three were slightly im- 
proved. There were no complications in this re-operation group, even 
though extensive scar tissue always was encountered from the 
previous scalenotomy. In every case the previously divided or 
even partially resected anterior scalene muscle was found to have 
reattached to the scalene tubercle on the rib by dense scar tissue. 

Some surgeons have asked if it would be advisable to try a 
scalenotomy first, and then resect the rib later if the patient 
were not improved. I feel such a surgical staging approach to 
TOS is unfair to the patient, when we already know that 
scalenotomy has only a 40% success rate, whereas first rib 
resection offers relief in at least 90% of well selected cases. 

There are several good reasons for not doing the scalenotomy 
procedure first, in my opinion: The anterior scalene muscle is 
not associated with the brachial plexus, where most of the symp- 
toms of TOS originate; the middle scalene muscle, which is 
imminently associated with the brachial plexus, and the congenital 
bands usually present in patients who develop TOS, are gen- 
erally inaccessible from the supraclavicular approach used for 
scalenotomy; the anterior scalene muscle frequently re-attaches to 
the first rib if the rib has not been removed; the major portion 
of the first rib is inaccessible from the supraclavicular approach, 
and it is quite dangerous to remove it from beneath the 
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branchial plexus where the compression and irritation most 
commonly are found; long experience and follow-up with scale- 
notomy alone has shown a 60% failure rate compared to the 6-8% 
failure rate of first rib resection; and finally, scalenotomy failure 
then may lead to a second operation to remove the first rib, 
which is the procedure which should have been done originally 
without the encumbrance of scar tissue. 

I have no experience with pectoralis minor resection, as I have 
not found a patient whom I thought would benefit from such a periph- 
eral muscle procedure. Furthermore, I feel that ancillary tests 
evaluating blood flow, pulses, and arteriograms are rarely indicated, 
because the problem is a neurologic one from brachial plexus in- 
volvement in almost all cases. The TOS symptoms, diagnosis, 
and measures of relief have little or nothing to do with arterial com- 
pression. Irving Wright found pulse changes, usually occlusion. in 
one or another elevated test position in 92% of normal soldiers 
evaluated. Others have also found the majority of normal adults 
with diminished or occluded radial pulse with the arm elevated, or 
the shoulders braced. Therefore, I feel the pulse changes and arterio- 
grams have little bearing on the diagnosis of TOS, and I have often 
found the most positive pulse signs to be on the asymptomatic side. 

I firmly believe that TOS is an entity which requires careful 
clinical diagnosis from detailed history and physical examination. 
and that the diagnosis cannot be made reliably from radiologic or 
electrical nerve studies. 


DR. GILBERT S. CAMPBELL (Little Rock, Arkansas): I had the 
privilege of hearing Dr. Roos give an excellent talk on thoracic out- 
let syndrome at the Southwestern Surgical Congress last spring. At that 
time he had performed 970 operative procedures, but their experience 
has now grown to 1031. 


Dr. DouGLas H. RIDDELL (Nashville, Tennessee): We have been 
interested in this subject for many years. In 1959 we reported 53 
patients at the Society for Vascular Surgery who had "thoracic out- 
let syndrome" and 13 of those patients had cervical ribs. Those 13 
out of the 53 patients had excellent results. The remaining 40 patients 
had scalenotomy and exploration of this scalene triangle area. Fifteen 
of those 40 patients had poor results or were not improved. 

We have had mixed emotions about the first rib resection. I still 
do. I first would like to agree with Dr. Dale. We are probably operat- 
ing on too many of these people without giving them conservative 
treatment, physiotherapy and certain conservative trials that would 
avoid an operative of any type. We don't give them enough time, 
and I think that three or four months should be given with conserva- 
tive treatment. Seldom do we find objective signs that are valid and 
are of any use. Rarely do we find the arterial tree affected arterio- 
graphically. Seldom do we find an Adson's sign that cannot be 
found on the opposite side that is asymptomatic. I believe that 
Adson's maneuver is becoming as useless as many other exams 
that we do. 

My feeling is that in the "absence" of true, objective findings the 
patient should be tried on conservative therapy. We have just been 
through 106 of these patients which is not a very large group but 
we think they should be tried on conservative therapy. If they do 
not respond to conservative therapy, and after a complete work-up, 
then they should be explored in a supraclavicular fashion. The artery 
should be examined carefully; the branchial plexus explored in its 
entirety which is tedious. The patient should always be warned that 
he is going to have more pain after the operation than they had 
before the operation, no matter what the findings. If they are warned 
beforehand they take it much better when they have brachial plexus 
neuralgia for four or five months. Our reassurance doesn't seem 
to be adequate many times. I believe that with the first rib being 
resected, which is so prevalent right now, we are slightly premature 
and I would think that a few years from now we will not be doing 
so many rib resections. 


DR. J. MANLY STALLWORTH (Closing discussion): The patient 
must have clearly delineated symptoms, and they must be studied in 
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detail by a neurologist. I don't feel that I’m qualified to adequately 
evaluate neurological problems. Each of our patients operated upon 
was seen by a neurologist, and each of them had, whatever neuro- 
logical examinations thought to be most useful. 

As to Dr. Dale's question, we found the nerve conduction studies 
to be of very little use in thoracic outlet syndrome, but they were 
good in carpal tunnel evaluations. We did not include our carpal 
tunnel patients in this presentation, because we don't think they are 
thoracic outlet by definition.-It is sometimes confusing, as many of 
these patients will have carpal tunnel associated with the thoracic 
outlet syndrome. l 

Now, again, the patient first must have distinctive thoracic outlet 
symptoms. Then, from my standpoint of interest in vascular prob- 
lems, all of these patients were studied in the vascular laboratory, 
where they had detailed vascular flow studies during the thoracic 
outlet maneuvers. 

The second of the requisites is that during a maneuver there 
must be some attenuation of the arterial flow. The third is that 
during that attenuation there must be a duplication of the patient's 
symptoms. This affords something specific to work with. If there 
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are five structures traversing the axilla, then, certainly, the easiest 
of these to compress should be, first, the vein, then the artery, and 
finally, the three major nerves. 

. Dr. Bryant, your films are excellent, and I do appreciate your 
showing the value of arteriograms. And here again, when are 
arteriograms indicated? They certainly are not to be carried out 
in all patients, but only for precise diagnosis. They were done on 
very few of our patients. 

Another point is that in the 425 patients, all of whom showed 
symptoms to suggest some type of thoracic outlet syndrome, 240 
of them did show, indeed, some compression of the artery, but the 
entire triad of findings were present in only 103 patients. This latter 
group did not respond to the simple exercises and were surgically 
explored. 

Certainly, in the two minutes I can't cover all of the discussions, 
but if any of you don't have time to read my paper, I think that in 
the discussions you will find that all of the giants in this field have 
made very appropriate statements. 

Thanks to Doctors Bryant, Lord, Urschel, Dale, Roos Campbell 
and Riddell. 


Biliary Bacteria and Hepatic Histopathologic Changes 


in Gallstone Disease 


WILLIAM R. FLINN, M.D., DENNIS F. OLSON, M.D., RYOICHI OYASU, M.D., JOHN M. BEAL, M.D. 


This study attempts to assess the frequency and severity of liver 
damage in patients with gallstone disease and the role of bac- 
teria in the development of these changes. Needle biopsy of the 
liver demonstrated acute inflammation of portal triads in 19 of 
126 patients with gallstones, a finding not present in control 
patients. Acute inflammation occurred more often in patients 
with acute cholecystitis and choledocholithiasis than in chronic 
cholecystitis. Cultures of the biliary tract or liver were positive 
in 23 of 64 patients. The frequency of positive bile cultures 
increased with the severity of the biliary tract disease. Five out 
of 6 positive liver cultures were from patients with acute chole- 
cystitis or choledocholithiasis. The data suggest that impair- 
ment of bile flow is responsible for the acute hepatic in- 
flammatory changes. 


HE INCIDENCE AND SIGNIFICANCE of hepatocellular 

damage in patients with gallstone disease has been 
the subject of investigation for many years. Although 
the majority of those who have studied the relationship 
between biliary tract disease and liver damage have 
concluded that long-standing gallstone disease results 
in progressive hepatic functional and histopathologic 
deterioration, some conflict exists as to the frequency 
and pathogenesis of these findings. 

Our study was undertaken in an effort to assess the 
frequency and severity of liver damage in patients with 
gallstone disease and to evaluate the role of bacteria in 
the development of these changes. 


Clinical Material 


One hundred twenty six patients underwent chole- 
cystectomy for gallstone disease, were studied for 
hepatic pathology, and in the last sixty-four, cultures 
were also obtained of the liver and extrahepatic biliary 
tree. Ninety-nine were women and twenty-seven were 
men; ages ranged from 16 to 86 years. Sixteen patients 
(12.7%) had acute cholecystitis at the time of operation, 
and 12 patients (9.5%) were found to have common duct 
stones. 

A group of 27 patients who died of acute cerebral 
pathology, myocardial disease, or asphyxiation of less 
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than 24 hours duration, served as controls, and biopsies 
were obtained at the time of autopsy. A history of gall- 
bladder or liver disease was absent in these patients, 
and calculi were not present in the biliary tract. Seven- 
teen were men and 10 were women. Their ages ranged 
from 14 to 83 years. 


Methods 


A liver biopsy was obtained at the time of operation 
in each of the 126 patients immediately after the ab- 
domen was opened and prior to manipulation of the 
liver, gallbladder, or intestines. A disposable liver 
biopsy needle was used, and the biopsy was taken from 
deep within the substance of the liver. The specimens 
for histologic study were fixed, sectioned in the stand- 
ard manner, and stained with hematoxylin and eosin, 
as well as with Mallory's trichrome. Microscopic ex- 
aminations were performed by a pathologist without 
knowledge of the clinical picture. They were evaluated 
for the presence or absence of fatty metamorphosis, 
fibrosis, lymphocytic infiltration, or polymorphonu- 
clear infiltration. The specimens of liver, bile, and gall- 
bladder wall were cultured aerobically and anaerobi- 
cally by standard methods. 


Results 


Review of the 126 liver biopsy specimens demon- 
strated that 58 (46%) were without abnormality (Table 
1). One or more changes were observed in the remain- 
ing 54%. Forty-nine patients (39%) had chronic infiam- 
matory changes in the portal triads. Fatty metamorpho- 
sis was present in 23 patients, and infiltration of the 
portal triads by polymorphonuclear leukocytes was ob- 
served in 19 patients (1596). Sixteen patients had acute 
cholecystitis as evidenced by both clinical and patho- 
logical criteria, and 12 (75%) of these had acute infiam- 
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TABLE |. Hepatic Histopathology in Patients 
with Gallstone Disease 


Pathologic Changes Number 
Normal 58 (46%) 
Chronic inflammatory changes 49 (39%) 
Fatty metamorphosis 23 (18%) 
Acute inflammatory changes 19 (15%) 


matory changes within the portal triads. Seven of the 
12 patients (58%) with common duct stones were also 
found to exhibit these acute inflammatory infiltrates 
within the liver specimen. Five of these latter 7 had 
acute cholecystitis, as well as choledocholithiasis. 

Examination of the liver biopsy specimens obtained 
from the 27 control patients at the time of autopsy 
demonstrated fatty metamorphosis in 8 (38%) and 
lymphocytic infiltration in 11 (48%). Acute inflam- 
matory changes were absent in all control patients 
(Table 2). 

Of the 64 patients undergoing microbacteriologic 
study, 23, or 34%, were reported to have positive 
cultures, including one or more organisms isolated from 
the liver or biliary tract. Seventeen of the positive cul- 
tures were from the bile or gallbladder and 6 from the 
liver. Five of the 6 positive liver cultures were isolated 
from patients who had either common duct stones or 
acute cholecystitis. Only one of the 64 liver specimens 
yield bacterial growth in the absence of microscopic 
evidence of liver pathology. Of those patients with 
chronic cholecystitis. 16 of 56 had positive cultures 
from the gallbladder or bile (29%). Of those with acute 
cholecystitis, five of 8 patients had positive cultures, 
and all 6 patients with common duct stones had positive 
cultures. 

Bacterial isolates included 30 organisms cultured 
from these 23 patients. These organisms were con- 
sidered enteric in origin, 20 were aerobic, and 10 were 
anaerobic organisms. This latter figure may represent 
a less refined technique of anaerobic culture at the out- 
set of this study. E. Coli was the most frequent or- 
ganism and represented 40% of aerobic isolates, fol- 
lowed by Klebsiella pneumoniae and Enterococci. Of 
the anaerobic organisms, Propionibacterium was the 
most common species and accounted for 50% of the 
anaerobic isolates. Other anaerobes included Clos- 


TABLE 2. Hepatic Histopathology in Control Patients 





Pathologic changes Number 





— 


Chronic inflammatory changes l 
Fatty metamorphosis 8 
Normal 8 
Acute inflammatory changes 0 
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tridia, Bacteroides, and Peptococcus. Further, three of 
the 6 positive liver cultures obtained in this study re- 
vealed Proprionibacterium. To our knowledge, this 
predominance of this organism within the biliary tract 
has not previously been reported. 


Discussion 


The findings which have been reported in this series 
of patients have similarities to several other reports. 
The only microstructural change that appeared to be of 
significance was acute inflammation, demonstrated by 
infiltration of the portal triads by polymorphonuclear 
leukocytes. Evidence of acute inflammatory change 
was found only in patients with gallstone disease, 
while the incidence of fatty metamorphosis, fibrosis, 
and lymphocytic infiltration did not differ in the patients 
with gallstones and in those who served as controls. 
These observations emphasize the importance of in- 
clusion of an adequate control group in studies of 
this type. 

In 1955, Savory and associates’ studied liver biopsies 
from 200 patients taken at the time of gallbladder opera- 
tions and found evidence of chronic inflammatory 
change in 32 per cent of the patients. Chronic cellular 
infiltration of the portal triads was the most common 
observation. Fibrosis and fatty metamorphosis were 
also commonly described, however, the lack of con- 
trols detracted from this study. 

In 1957, Edlund and Zettergren? reviewed the micro- 
structural hepatic changes in 185 cases of biliary tract 
disease, including patients with acute cholecystitis, 
chronic cholecystitis, and common duct obstruction. 
They did not find evidence of ‘‘hepatitis’’ in the speci- 
mens obtained from patients with acute or chronic 
cholecystitis, but reported that prolonged anesthesia 
and operative trauma were associated with the develop- 
ment of inflammatory changes within the liver. The 
presence of extrahepatic biliary obstruction was noted 
to result in some instances of cholangiohepatitis.”’ 

In 1959, Falkmer and Sjostrom* attempted to deter- 
mine the frequency and severity of histopathologic 
changes and to correlate these changes with liver func- 
tion, and with the degree of inflammatory disease 
within the biliary tract. They found pathological altera- 
tions in the liver to be relatively infrequent in their 
series. They suggested that the liver in patients with 
gallstone disease may be more susceptible to operative 
trauma, hypoxia, or anaesthetic agents than the liver of 
a healthy patient; and that this fact might be responsible 
for the changes observed in their study. 

Disturbances of liver function in biliary tract disease 
have been studied by a number of investigators. The 
report of Lindenauer and Child? is particularly perti- 
nent to our study. They noted that the general pattern 
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of hepatic functional abnormalities increased in 
severity from chronic to acute cholecystitis, to chole- 
docholithiasis. Van der Linden!” found pathological 
BSP values in more than 75% of patients with acute 
cholecystitis. In the patients subjected to operation, 
the hepatic functional abnormalities resolved within a 
few weeks, however, in patients treated conservatively 
functional impairment persisted for a considerable time. 

The findings in our study seem to have a direct rela- 
tionship to the development of hepatic alterations in 
gallstone disease. Evidence has been presented that 
structural, acute inflammatory changes, as well as func- 
tional abnormalities occur more frequently and with 
greater severity in acute cholecystitis and choledo- 
cholithiasis than in chronic cholecystitis. The severity 
ofthese changes was detected both histopathologically, 
as well as bacteriologically. It has also been demon- 
strated that the functional changes may subside either 
by removal of the acutely inflamed gallbladder, or by 
spontaneous resolution of the inflammatory process 
within the organ. This observation further suggests a 
direct relationship between the degree of inflammation 
in the liver and in the gallbladder. 

Hepatic damage was most severe when common bile 
duct obstruction was present. The development of 
cholangitis has been more commonly associated with 
partial obstruction of the common duct rather than 
with complete obstruction. The concept that cholangi- 
tis results from enteric organisms passing upward 
through the common duct as the major source of infec- 
tion within the liver and biliary tract remains the 
most prevalent etiologic theory. The presence of biliary 
stasis has been considered to be a major factor in 
the development of infection within the biliary tract. 

A number of bacteriologic studies of the gallbladder 
and common duct have appeared, and the majority 
have striking similarities. The report of Chetlin and 
Elliot,! who reported on bile cultures from 240 opera- 
tions on the biliary tract, is representative. Bacterial 
growth was observed in only 17% of patients with 
chronic cholecystitis. Cultures were positive in 60% 
of those with acute cholecystitis, and 5896 of those 
with common duct stones. 

Scott and Kahn? investigated the incidence of bac- 
terial contamination in association with choledocholi- 
thiasis in a smaller group of patients. They observed 
that 8376 of the patients with chronic cholecystitis, 
without previous surgical manipulation of the biliary 
tract, who were found to have common duct stones, 
also had positive cultures. 

Schatten and associates? obtained cultures of portal 
venous blood in 25 patients at the time of laparotomy 
and found positive cultures in 32%, and proposed that 
bacteria pass from the gastrointestinal tract to the liver 
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via the portal vein. They concluded that the liver is an 
excellent filtering mechanism, because cultures of the 
normal human liver are sterile. Orloff,® however, re- 
ported that human portal blood cultures are pre- 
dominantly sterile and concluded that the most likely 
source of hepatic and biliary contamination was via 
Iymphatics. 

The route of infection in bile duct obstruction has 
been studied experimentally by Dineen? who concluded 
that obstruction to the flow of bile predisposes to an 
overgrowth of organisms within the liver and extrahe- 
patic biliary tree. In a series of experiments he found 
that, in the presence of obstruction, infection of the bile 
and liver did not occur unless the organisms were intro- 
duced through the portal vein. Infection was insignifi- 
cant when the organisms were injected into the lym- 
phatic system regardless of the presence or absence of 
biliary obstruction. Thus, he observed that the portal 
vein appears to be the most important route of con- 
tamination, and emphasized the role of obstruction in 
increasing the severity and frequency of infection. 

Two observations seem particularly significant 
among these studies. First, the acute inflammatory 
changes within the liver are diffuse and are not con- 
fined to the areas immediately adjacent to the gall- 
bladder; second, these inflammatory changes and the 
associated bacteriobilia are of increased frequency and 
severity in the forms of biliary tract disease with stasis 
and obstruction, acute cholecystitis, and choledocholi- 
thiasis. Furthermore, as judged by liver function tests, 
resolution is relatively prompt after surgical treatment. 

Our findings would appear to support the following 
basic concepts. Evidence of acute intrahepatic in- 
flammation was seen more frequently in the presence 
of the more severe forms of gallstone disease, 75% of 
patients with acute cholecystitis, and 58% of those with 
choledocholithiasis. Further, bacterial contamination 
was significantly increased in these groups, being pres- 
ent in 63% and 100% of cases respectively. Positive 
liver cultures were associated with these two forms of 
gallstone disease, with only one exception. These find- 
ings suggest that the acute inflammatory changes found 
in association with gallstone disease are directly re- 
lated to impairment of the flow of bile within the biliary 
ductal system, and that acute inflammation within the 
gallbladder may result in sufficient stasis within the 
biliary tract to permit the development of similar dif- 
fuse intrahepatic inflammatory changes and to promote 
bacterial contamination within the liver. 

This analysis emphasizes the role of early chole- 
cystectomy for cholelithiasis in the prevention of po- 
tential hepatocellular damage associated with the major 
complications of gallstone disease, acute cholecystitis, 
and choledocholithiasis. 
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DISCUSSION 


DR. FRANK GLENN (New York, New York): This paper is of con- 
siderable interest to me, because it strikes at the very critical aspect 
of this disease, namely liver damage and its genesis that may be fatal. 

In young women with calculi in the gallbladder with recurrent 
obstruction and stasis, infection occurs, in a sense, a virgin field, and 
infection ascends into the biliary ductal system, Seth as much 
by lymphatics as by simple bacterial growth in the bile.’ 

Generally these individuals recover quickly but if they have re- 
current episodes a more severe process properly labeled cholangitis 
occurs. i 

At the other end of the scale is the individual who has long had 
stones and varying degrees of cholangitis. You have heard the 
pathology described. The bacteria within the canaliculi of the liver 
are numerous and varied. These are the individuals who clinically 
have had a slowly progressive disease. 

Recurrent obstruction from claculi that repeatedly subsides over 
the years as a cause of liver damage is superseded only by the 
insidious and progressive obstruction with cholangitis that follows 
the repair of an iatrogenic injury to the common duct. 

Both groups of patients merit serum alkaline phosphatase 
determinations before jaundice has long persisted so that surgical 
treatment of the obstruction can be undertaken before liver damage 
becomes significant. 

We need to have this type of paper extended. We need to have, I 
think, a little more thought given to the role of infection. I am well 
convinced, with my experience with the elderly group, that the portal 
circulation is the source of acute processes we see in the elderly, 
the acute suppurative cholangitis. 

I congratulate Dr. Beal and his workers on presenting this paper. 
I hope it will stimulate others. And I do hope that the public, our 
patients, and the profession as a whole will think more about what 
happens in the liver, because this is the site of our terminal phase of 
the disease. And I come back to what Dr. Beal has said: Actually, 
the time to remove a gallbladder is as soon as stones have appeared. 
Maybe some of us require an episode of acute cholecystitis in the 
history to spur us on. The long term results are so good that if we 
will keep in mind the picture of the biliary cirrhotic we will not delay 
surgery and thereby do our patients great service. 


DR. H. HARLAN STONE (Atlanta, Georgia): I enjoyed this paper very 
much, especially because it reaffirms the existence of bactobilia in 
patients with biliary tract disease. Dr. Elliot in previously reported 
studies has demonstrated that patients who have active cholecystitis 
or in whom gallstones are present in the common duct, have high 
incidence of bacteria residing in the bile. Dr. Beal has now shown 
that this is indeed true and that such frequently causes significant 
injury to the liver. 

(Slide) Another problem associated with bacteria in the bile is 
postoperative infection. In a prospective randomized study we found 
that patients who underwent elective biliary tract surgery had a 
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significant incidence of wound infection if parenteral antibiotic was 
begun after operation or not given at all. However, when antibiotic 
was initiated prior to operation, the infection rate was reduced at 
least 10%. 

(Slide) Infection did not occur unless there was contamination. 
In other words, if cultures of the bile were negative, then infec- 
tion was rare; while if cultures were positive, infection was common. 
It is these patients that Dr. Beal has identified — patients with acute 
cholecystitis — or common duct stones — who have pathogenic bac- 
teria in their bile; and thus it is these patients who are the most 
susceptible of all to infection following operation on the biliary tract. 

(Slide) Infection can almost be assured when there is contamina- 
tion by virulent bacteria and if prophylactic antibiotic has not been 
given sufficiently long enough ahead of time or if the responsible bac- 
teria are resistant to the antibiotic administered. For example, in 
patients who did develop infection, either there was no antibiotic in 
their tissues at the time of contamination or that antibiotic was inef- 
fective against the bacteria that contaminated the wound. 


DR. WILLIAM W. SuiNGLETON (Durham, North Carolina): We 
have been collecting some data at Duke which, I think, relates to this 
problem, and which I'd like to present briefly to you. 

Over the past 6 years we have performed bacteriologic studies 
now on 400 patients with chronic pathologic processes involving 
the gallbladder or the common duct. In these 400 patients, approxi- 
mately 175 had common duct problems, and 225 had chronic chole- 
cystitis and cholelithiasis. ' 1 

The results of our bacteriologic studies showed that in those with 
gallbladder disease only, the positive culture rate was approximately 
20% for culture of the gallbladder wall and 2146 in the bile from the 
lumen of the gallbladder. Thus, there was no significant differénce 
in our studies regarding wherg the material cultured. 

In those patients who had common duct involvement, there were 
four groups: (1) those who had stones within the common duct. The 
positive culture rate here was 80%. (2) Those who had benign stric- 
tures of the duct, the positive culture rate was approximately 60%. 
(3) Those who had malignant tumor, such as carcinoma of the head 
of the pancreas or ampulla, there was a very low positive rate of 
culture. (4) In those having an anastomosis between the common bile 
duct and the gastrointestinal tract, such as a choledochoduo- 
denostomy, the highest rate of positive culture was present. It was 
approximately 90%. 

Now, the thing I would like to emphasize about these studies 
has already been emphasized, primarily, that these patients are at 
very high risk for complications when one begins to do diagnostic 
invasive procedures, operations, and even postoperative types of 
maneuvers. We discovered this, to our dismay, when we were first 
starting our collection of data. Percutaneous cholangiography per- 
formed in two patients, not having received antibiotics, developed 
chills and fever, and on blood cultures we obtained the same organism 
from the bloodstream that was present in the common bile duct. 

Now, following this, we, of course, placed all our patients on 
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prophylactic antibiotics, usually ampicillin or cephalin, and we have 
not seen this complication since. These patients are also at very 
high risk for development of other types of postoperative infection. 
Our wound infection rate, for example, in those undergoing routine 
cholecystectomy was 2% in about 800 patients, compared with 4% 
in those who had common duct pathology present, where the com- 
mon duct was explored. 

There is one additional point I wish to emphasize. In our group 
of patients, in those who had positive cultures, only one half of the 
patients gave a history or had chills or fever at the time we did the 
study; so there is a group of patients who do have bactobilia, so to 
speak, who are asymptomatic. I'd like to ask if you have done any 
liver biopsy studies to show whether these asymptomatic patients 
are at risk for development of liver changes. If not, I'd suggest this 
is information that some of us should look for. 


DR. WiLLIAM FLINN (Closing discussion): In reference to some 
of Dr. Glenn's comments, we recognize that in gallstone disease 
the increased age population is at increased risk, as it is in most 
other forms of inflammatory disease, and it's interesting that we 
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found no histopathologic changes in liver biopsies of patients 
under the age of 40 years. 

His comments regarding common duct injury Dr. Glenn’s, as well 
as Dr. Shingleton’s, are well taken, and seem to fit into the general 
model of bacterial proliferation in the obstructed viscus. 

Dr. Shingleton’s comments regarding malignant obstruction are 
also well taken. We have not studied this particular aspect of com- 
mon duct obstruction. 

We certainly agree that further investigation is warranted into the 
route and the microbacteriologic aspects of bacterial contamina- 
tion within the biliary tract. Our culture reports are interesting to us, 
especially the Propionibacterium predominance among the anaerobic 
organisms, and we have had at least one wound infection with 
Propionibacterium, which would otherwise be considered a rela- 
tively nonpathogenic organism. 

We felt, as Dr. Stone, that antibiotic coverage is certainly indi- 
cated in the patients with the more severe forms of gallstone disease, 
and we would hope that our further study of the bacteriology of 
the biliary tract may contribute to the choice of antibiotic coverage 
in these patients. 


Primary Common Duct Stones 
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Thirty patients were identified as having primary common 
duct stones. Criteria for diagnosis included at least a two year 
symptom free interval following cholecystectomy; soft, light 
brown stones or sludge present in the common duct; and the 
absence of a long cystic duct remnant or a biliary stricture 
from the previous surgery. The average age of the 30 patients 
was 66 years. The interval between cholecystectomy and the 
diagnosis of primary common duct stones averaged 12 years. 
Acute cholangitis was a frequent mode of presentation. At the 
time of surgery the bile duct was often dilated out of pro- 
portion to the serum bilirubin. In only one of the 30 patients 
was ampullary stenosis present. 

Twenty-six of the 30 patients had only stone extraction and 
insertion of a T tube for treatment of their primary common 
duct stones. Twenty-two of the 26 were followed for an average 
of four years and nine months with no evidence of recurrent 
stones in 82% (18/22). Four developed recurrent primary com- 
mon duct stones one, five, five, and 7 years later. It is concluded 
that most patients with primary common duct stones do well 
after stone extraction alone. 


HE IDENTIFICATION of primary common duct 
T stones by gross morphology at the time of sur- 
gery can be difficult. Furthermore, if the gallbladder is 
still in place, or only recently removed, origin of the 
stone in the common duct is impossible to prove. With 
this background it is not surprising that the incidence 
of primary common duct stones in series of common 
duct explorations varies widely.'?? In addition, once 
the surgeon decides a primary common duct stone Is 
present, treatment is controversial. In an effort to iden- 
tify patients who with some certainty could be said to 
have primary common duct stones, patients undergoing 
common duct exploration over a 24 year period were 
reviewed. Clinical presentation, operative findings, 
surgical treatment, and long term followup are re- 
ported. 


Clinical Material 


Patients undergoing common duct exploration at The 
Johns Hopkins Hospital between 1952 and 1975 were 
reviewed. Patients were classified as having primary 
common duct stones if they met all of the following 
criteria: (1) previous cholecystectomy with or without 
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common duct exploration; (2) at least a two year asymp- 
tomatic period following their initial biliary tract sur- 
gery; (3) the finding of soft, easily crushable, light 
brown stones or sludge in the common duct; and finally, 
(4) no evidence of a long cystic duct remnant ora biliary 
stricture resulting from the prior surgery. Of 758 
patients undergoing common duct exploration during 
this interval, 30 (4%) met these criteria for primary 
common duct stones. Many others were felt possibly 
to have primary common duct stones because of the 
operative description of soft, earth-like or muddy 
stones. However, because the gallbladder was still in, 
or had been removed during the prior two years, ori- 
gin in the common duct could be disputed and they 
were excluded. 

Average age of these 30 patients was 66 years. 
Twenty-three were female and 7 were male. Twenty-five 
were caucasian and five were negro. The time interval 
between the initial biliary tract surgery and the finding 
of a primary common duct stone varied from two years 
to 36 years and averaged 12 years (Table 1). Because of 
the long interval between operative procedures, data 
from the first operation frequently were not available. 
Of the 10 patients on whom information was available, 
8 were known to have undergone common duct ex- 
ploration. Stones were found in the common duct in 
five of the 8. Post operative T tube cholangiograms 
were normal in all 8 patients. 

Sixteen of the 30 patients presented with acute 
cholangitis, 15 were clinically jaundiced, and 21 had 
right upper quadrant pain. The average duration of 
symptoms was 39 weeks. The delay in diagnosis 
probably resulted from not considering biliary tract 
pathology because of the long symptom-free interval 
since cholecystectomy. At the time of presentation 
with primary common duct stones, 24 (80%) of the 30 
patients had serum bilirubin elevations. Twenty-two 
(81%) of the 27 patients who pre-operatively had SGOT 
determinations had elevations, and 19 (86%) of 22 had 
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TABLE |. Patients with Primary Common Duct Stones 


Asymptomatic 


Pa- Age Interval After 
tients (years) Sex Race Cholecystectomy 
30 46-86 23 Female 25 White 2-36 years 
Average 66 7 Male 5 Black Average 12 years 


SGPT elevations. Twenty-four (89%) of the 27 patients 
in whom the alkaline phosphatase level was measured 
had elevations. Twenty-one of the 30 patients had 
serum amylase determinations on admission and in 19% 
it was found to be elevated (Table 2). 


Clinical Management 


Prior to surgery an attempt was made in 25 of the 
30 patients to visualize the biliary tree radiographically. 
Of the 20 patients undergoing intravenous cholangio- 
graphy, common duct stones were demonstrated in 12. 
In one additional patient a dilated duct was seen. 
In 7 patients the biliary tree was not visualized. Four 
patients underwent endoscopic retrograde cholangio- 
graphy and in three patients it was successful in demon- 
strating common duct stones (Figs. la and b). 
In the fourth patient the duct could not be cannulated. 
One patient had a transhepatic cholangiogram per- 
formed and common duct stones were visualized. 

All 30 patients were operated upon, and common 
duct stones or sludge were found in all. In each 
instance they were described as soft and easily 
crushable, usually being brown or earth-like in 
color. Sludge was also frequently present in the 
duct. In 12 patients only a single stone was found in 
the common duct at the time of exploration. In 16 
patients multiple stones were found in the common 
duct and in two patients only sludge was en- 
countered. The common duct was described as of 
normal caliber in three patients. In 19 patients 
the duct diameter was dilated to 2 cm; in two 
patients to 3 cm; and in two patients to 4 cm. 
The duct size was not mentioned in four patients. 
Often the duct appeared to be dilated out of propor- 
tion to the serum bilirubin. For instance, in the 
two patients with ducts measuring 4 cm, the average 
serum bilirubin was 2.0 mg%. In 29 of the 30 
patients the surgeon described the ampulla as easily 
allowing the passage of a dilator or probe. In only one 
instance did the surgeon feel that ampullary stenosis 
was present (Table 3). 

After common duct exploration and stone extrac- 
tion, 26 of the 30 patients had only T tube drainage. 
Three patients underwent side-to-side choledochoduo- 
denostomies, and one had a sphincteroplasty per- 
formed. There were no operative or hospital deaths. 
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Clinical Followup 


Of the 26 patients with primary common duct stones 
treated by stone extraction and T tube drainage only. 
followup was available for 22 (Table 4). Followup 
ranged from 8 months to 12 years and averaged four 
years and 9 months. Eighteen of the patients remained 
well over an average period of four years and 10 months 
and developed no subsequent symptoms suggesting 
biliarv tract disease. Four of the 22 patients treated 
only by stone extraction and T tube drainage de- 
veloped subsequent problems. Three patients required 
reoperation for recurrent stones one, five, and seven 
years after the initial primary common duct stone ex- 
traction. One patient underwent a choledochoduodenos- 
tomy, one a sphincteroplasty, and the third a choledo- 
chojejunostomy at reexploration. The fourth patient 
died of sepsis five years after primary stone extrac- 
tion, and at post mortem recurrent stones were found. 

For the four patients undergoing additional pro- 
cedures at the time of primary stone extraction, 
followup averaged three years and 6 months. All 
have done well with no suggestion of recurrent 
biliary tract disease. 


Discussion 


It is generally accepted that the majority of 
stones found in the common bile duct have their origin 
in the gallbladder.! In most large series of common 
duct explorations the gallbladder is still in place and 
contains stones at the time of common duct ex- 
tractions.^? In addition, following cholecystectomy 
very few patients subsequently develop common duct 
stones. Nevertheless, some stones clearly are 
formed in the common duct. Reported cases of 
common duct stones found in patients with con- 
genital absence of the gallbladder provides absolute 
proof of this.?'* Proving that a stone had its origin 
in the common duct in the presence of a gallbladder, 
however, is difficult. Madden," who has focused a 
great deal of attention on primary common duct 
stones in recent years, feels they can be accurately 
identified by morphologic features alone. He states 


TABLE 2. Liver Function and Amylase Determinations in 30 
Patients with Primary Common Duct Stones 








Liver 
Function 

Test Patients Elevated 
Bilirubin 30 24 (80%) 
SGOT 2j 22 (81%) 
SGPT 22 19 (86%) 
Alk Phos 27 24 (89%) 
Amylase 21 4 (19%) 
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Fic. la. Endoscopic retrograde cholangiogram (ERC) of a 74 
year old female demonstrating a dilated duct with sludge in the distal 
end near the ampulla. She had been asymptomatic for 4 years 
following her cholecystectomy prior to developing primary 
common duct stones. 


that characteristically the stone formed in the common 
bile duct is solitary, ovoid, light brown in color, soft 
and easily crushable. Whenever such a stone is found 
in the common duct, whether the gallbladder is in or 
out, or contains stones or not, Madden feels this is 
proof of common duct origin. Another possibility, 
however, is that a small gallbladder stone passed 
into the common duct and subsequently accumulated 
biliary sludge. Others have used the time of identifica- 
tion of the common duct stone in relation to 
cholecystectomy as the basis by which to ascribe site 
of origin. When a common duct stone is found 
with the gallbladder still in, it is thought most likely 
to have migrated from the gallbladder. If the stone is 
found within one or possibly two years of the time of 
cholecystectomy, then it is considered a retained 
gallbladder stone missed at the time of operation. 
A common duct stone found over one or two years 
post cholecystectomy, however, is usually felt to be a 
primary common duct stone formed in the biliary 
tree after cholecystectomy. 

Because of the different methods of identifying or 
defining primary common duct stones, the reported 
incidence varies widely. In a series of 120 patients 
undergoing extraction of common duct stones at the 
Lahey Clinic,? only three were felt to have definitely 
formed in the common duct. Millbourn?? in a series 
of 22 patients found to have common duct stones 
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weeks to years following cholecystectomy, felt that 
new stone formation in the common duct was probable 
in only five. Bartlett, in a group of 26 patients from 
the Massachusetts General Hospital requiring a second 
common duct exploration, felth that 21 were definitely 
retained gallbladder stones, and five were recurrent or 
primary common duct stones. In contrast, in a series 
of 107 common duct explorations in which stones 
were found, Madden!! has reported an incidence of 
primary common duct stones of 56%. He claims that 
when identified on morphologic grounds, primary 
common duct stones are more common than stones in 
the common duct that have migrated from the gall- 
bladder. In over 50% of the patients identified in 
Madden's series as having primary common duct 
stones, the gallbladder was still in place at the time 
of common duct exploration. 

The pathogenesis of primary common duct stone for- 
mation is obscure. It has been shown experimentally 
that obstruction and stasis will result in stone 
formation in animals. Stones and sludge are also 
seen clinically above a benign or malignant bile duct 
stricture. Madden! has pointed out that 47% of the 
patients in his series with primary commmon duct 
stones had ampullary stenosis, a condition found in 
only 10% of the patients with secondary or gall- 
bladder common duct stones. This also suggests stasis 
as an etiology. In our present series, however, only 
one of the 30 patients was felt to have any sig- 
nificant ampullary stenosis. This is despite the fact 
that marked common duct dilatation out of proportion 
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Fic. lb. ERC of a 67 year old man demonstrating multiple 
common duct stones. His gallbladder had been removed 20 
years earlier. 
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to the serum bilirubin was often found. It is possible 
that primary common duct stones are stasis stones, 
aothough not always the result of mechanical obstruc- 
tion. Conceivably the large dilated ducts may repre- 
sent abnormal functional dilatation following cholecys- 
tectomy, rather than arising secondary to mechanical 
obstruction by ampullary stenosis, or produced by the 
common duct stone itself. This abnormal functional 
dilatation could then result in stasis and stone forma- 
tion. Almost certainly lithogenic bile is also a major 
factor. In most series primary common duct stone for- 
mation has not occurred in the absence of prior 
stone formation in the gallbladder. 

As with all other aspects of primary common duct 
stones, treatmentis controversial. Many surgeons have 
not recommended anything beyond stone removal. 
Madden," however, is a strong advocate of side-to- 
side choledochoduodenostomy, presumably to reduce 
stasis in the duct. Because there has been so much 
variation in identifying patients with primary common 
duct stones, evaluation of any form of treatment is 
difficult. In addition, reports of long term followup 
of patients treated for primary common duct stones 
are virtually non-existent. For this reason we set out 
to define a group of patients who with a high degree 
of certainty had primary common duct stones, in order 
to obtain long term followup and evaluate their 
treatment. To do this, we combined both the mor- 
phologic and time criteria in defining primary common 
duct stones. To be included, a patient had to have 
had a previous cholecystectomy followed by a period 
of at least two years of being asymptomatic. It is 
conceivable that a retained gallbladder stone could 
remain silent for this period of time, but it is 
unlikely. In addition, at the time of reexploration, 
the common duct stone had to have the morphologic 
features of a stasis stone; that is, soft, light brown, 


TABLE 3. Operative Findings in 30 Patients with 
Primary Common Duct Stones 





Common Duct Stones 


Solitary 12 

Multiple 

Sludge 2 
Common Duct Size 

Normal 3 

2 cm 19 

3 cm 2 

4 cm 2 

Unknown 4 
Ampullary Stenosis 

Present l 

Absent 29 
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TABLE 4. Followup Data on 26 Patients Operated on 
for Primary Common Duct Stones 
a 


Patients Length 
with of Asympto- Recur- 
Followup Followup matic rence 


co a ad ee 
Stone extraction 


only 22 57 months 18 4 
Stone extraction 

plus duct drain- 

age procedure 4 42 months 4 





easily crushable, and often sludge-like. Finally, there 
could be no evidence of a long cystic duct remnant 
or of a stricture resulting from the prior biliary 
tract surgery, although ampullary stenosis could be 
present. Using these strict criteria, only 30 of the 
758 patients with common duct explorations were 
acceptable. Some or many of the remaining patients 
could have had primary common duct stones, but to 
avoid adding questionable cases, no patient not 
meeting all criteria was included. 

The average interval between the onset of biliary 
tract symptoms and the diagnosis of a primary com- 
mon duct stone in our series was 39 weeks. One of the 
reasons for this long delay was probably the fact 
that all patients had previously undergone cholecys- 
tectomy and had an average interval of 12 years 
of being symptom free. In many instances this probably 
diverted the physician’s attention away from the 
biliary tract. The 38 week delay in diagnosis might 
also explain why over one-half of the patients 
presented to the hospital with cholangitis. It has been 
noted in the past in a series of patients with acute 
cholangitis from this hospital, that primary common 
duct stones and acute cholangitis are frequently 
associated." The presenting liver chemistries were 
characteristic for biliary tract disease and cholangitis, 
with the majority having an elevated bilirubin. 
alkaline phosphatase, and transaminases. As noted 
by Madden,!! however, the degree of dilatation of the 
common bile duct was often out of proportion to the 
usually low level of bilirubin elevation. Preoperative 
cholangiography was often successful in demonstrat- 
ing acommon duct stone. We now feel that endoscopic 
retrograde cholangiography is the method of choice. 
and that an intravenous study should be performed 
only when endoscopic cholangiography is unsuccess- 
ful. Occasionally, when complete obstruction is 
present, a percutaneous study will be indicated. Even 
though Madden" has stated that 68% of primary 
common duct stones will be solitary, in our series 
6076 were multiple or contained sludge. Knowing 
this from a good cholangiogram pre-operatively is 
helpful. If one performs endoscopic or percutaneous 
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cholangiography in these patients, surgery should be 
performed within 24 hours if stones have been 
demonstrated in order to avoid potential life- 
threatening sepsis.? 

Twenty-six of the 30 patients in the present series 
had only cholodochotomy with stone extraction and 
insertion of a T tube. Most of these patients were 
elderly, and many had presented just a few days 
earlier with acute cholangitis. In addition, in none 
of these 26 patients was there evidence of mechanical 
obstruction. For these reasons, only stone extraction 
was performed. Four of these patients were lost to 
followup. The remaining 22 patients have been 
followed for periods ranging from 8 months to 12 
years. Eighteen (82%) of these 22 patients have 
had no evidence of recurrent biliary tract symptoms. 
Average followup for these 18 patients is four years 
and 10 months. Four (18%) of the 22 patients have 
had recurrent common duct stones. Three presented 
with symptoms of cholangitis and required reopera- 
tion one, five, and 7 years after their initial primary 
common duct stone extraction. Each patient had a pro- 
cedure performed at the second stone extracion to 
more adequately drain his duct. The fourth patient 
was an 81 year old female who presented with severe 
sepsis five years after initial primary common duct 
stone extraction. At post mortem recurrent primary 
common duct stones were found. This was the only 
biliary tract related death in the entire series. 

It is clear from this followup that the majority 
of patients with primary common duct stones will do 
well for at least a five year period after stone extrac- 
tion alone. This should be kept in mind by the 
surgeon at the time of operation if the patient is 
elderly and ill, possibly just recovering from chol- 
angitis, and not able to tolerate a long operative 
procedure. If in addition either pre-operative or 
operative cholangiography has ruled out multiple 
stones, stone extraction and T tube insertion alone 
is acceptable. The chance of remaining symptom 
free for five years will be over 80%. One has to keep 
in mind that the initial symptom free interval between 
cholecystectomy and primary common duct stone for- 
mation averaged 12 years. In contrast, if one is dealing 
with a young healthy individual with a potential long 
life span ahead, and possibly with multiple stones, 
an additional procedure should be considered. Since 
most patients in our series did not have mechanical 
obstruction, the additional procedure is to allow any 
possible subsequent recurrent stones to pass, rather 
than to decompress an obstructed duct. Madden" has 
recommended side-to-side choledochoduodenostomy 
for this purpose. If the duct is large enough to 
allow at least a 2 cm anastomosis, cholangitis after- 
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wards will occur rarely.*? Cases continue to be re- 
ported, however, with calculi and debris filling the 
distal ‘‘defunctionalized’’ common duct and this 
represents a valid cricitism of the procedure.!?/^ 
The operation is quicker, safer, and probably more 
effective than performing a choledochojejunostomy to 
a Roux-en-Y loop. Another option is sphincteroplasty 
as performed by Jones. Functionally this results 
in a side-to-side choledochoduodenostomy performed 
from within the duodenum. This eliminates the distal 
defunctionalized common duct segment and for that 
reason is preferred. The operation is performed fre- 
quently in our institution for retained or multiple 
common duct stones, and should be seriously 
considered in the patient with primary common 
duct stones who is a candidate for a procedure in 
addition to stone extraction. In many instances, 
however, when clinical circumstances dictate, the 
surgeon may safely and correctly decide to perform 
only stone extraction. 
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DISCUSSION 


Some of the following discussion pertains to the Artical Fibrin 
Clots in the Biliary Tract by Dr. P. Sandblom which was 
published in March 1977 Annals of Surgery. 


Dr. KENNETH W. WARREN (Boston, Massachusetts): I’m going to 
confine my remarks to the paper by Dr. Zuidema and Dr. Cameron 
and Dr. Saharia. This is a very interesting presentation, and 
I think it is very important for us to focus some attention 
upon this controversial problem. I also wish to thank them for the 
privilege of reviewing their manuscript. 

The most important thing I can say about their paper is to 
reinforce their major conclusion, that removal of common duct 
Stones, calibration of the sphincter of Oddi, and T-tube drainage 
is all that is needed in the surgical management of common duct 
stones in the great majority of patients. In the absence of 
demonstrable obstruction of the distal common duct, it has 
been my practice and the practice of my colleagues at the 
clinic to avoid sphincteroplastv or a choledochoduodenostomy 


_ or any other diversion at the initial operation in the treatment of re- 


tained or recurrent common duct stones. The results over the 
years have justified this practice. 

If partial obstruction is present at the sphincter, I prefer to do a 
generous sphincteroplasty which attacks the anatomic and the 
pathologic process directly, and minimizes the prospect of future 
stagnation of bile in the distal common duct. 

In studying these patients, if the bilirubin is less than 3 mg, the 
preference of radiologica studies is an intravenous cholangiogram; 
second, ERCP; and third is skinny-needle percutaneous transhepatic 
cholangiogram. If the bilirubin is greater than three, there is no doubt 
this manner, then one can resort to the percutaneous cholangiogram, 
and this often will be diagnostic. 

I feel that postcholecystectomy dilatation of the common bile duct 
is a result of obstruction either due to the presence of stones or to 
fibrosis of the sphincter of Oddi or, rarely, to compressions of the 
distal duct as it traverses the head of the pancreas. I do not feel that 
functional dilatation of the duct occurs frequently after cholecystec- 
tomy. 

The routine choledochoduodenostomy in the surgical manage- 
ment of so-called primary common duct stones is not, in my 
experience, justified. I would like to ask Dr. Zuidema, because, in 
reading the manuscript, some of these ducts were 3 cm in diameter, 
and I believe two of them were 4 cm in diameter— I would like to ask 
him if there is any correlation between the caliber of the duct in those 
few patients who developed recurrent common duct stones. 


DR. FRANK GLENN (New York, New York): I think that we owe the 
essayist and his group thanks for clarifying and putting into 
perspective this question concerning primary common duct stones 
following cholecystectomy. That they occur there is no doubt. How 
do they occur? Frankly, I don’t know, but I suppose that conditions in 
the common duct, sometimes are similar to those in the gallbladder. 
In particular following cholecystectomy when the common duct 
appears to take over the functions of the gallbladder delivering a little 
bile after the ingetion of food plays a role and storing it in the 
intradigestive period. 

I would like to call your attention to a group of patients (and I think 
we have had 7 or 8 or them) known as stone formers. 

These individuals are usually overweight, industrious individuals, 
big eaters, and they have high serum cholesterol levels. I have one 
patient whom I've operated upon four times. After several years he 
disciplined his food intake and lost over 100 Ibs. He has gone for three 
years without manifestations of stone formation. I think an acute 
manifestation of this tendency is to be seen in individuals who have 
cholesterolosis, and who have stones in the common duct. This I have 
seen at operation for acute cholecystitis. In other words, stasis plays 
a role in the individual who has a high cholesterol serum level and a 
concentration of cholesterol in his bile. This situation results in 
precipitation of cholesterol material. 
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One word as to the treatment. I want to re-emphasize what Dr. 
Warren has said: Choledocho-duodenostomy is not an entirely 
satisfactory procedure for this. If we have recurrence, | would much 
prefer to do a choledocho-jejunostomy of the Roux-en-Y type in this 
patient. When you do a choledochoduodenostomy there is a great 
tendency for the portion of the duct distal to the site of the stoma to be 
filled with sludge or calcareous material and I have concluded. rightly 
or wrongly, this to have been the cause of pancreatitis. 


DR. CoLIN G. THoMas (Chapel Hill, North Carolina): I rise 
primarily to discuss the paper by Dr. Zuidema. As a proponent of an 
operation to relieve or correct common duct obstruction in the 
presence of bilirubinate stones, I feel compelled to make some 
comments, and perhaps take issue with the author's conclusions. 

Primary common duct stones, that is, choledocholithiasis. are 
usually the result of deconjugation of bilirubin digluduronide by 
glucuronidase, an enzyme that's liberated by E. coli and other 
bacteria. Bile stasis seems a prerequisite for biliary tract infection and 
subsequent development of bilirubinate stones. An operation which 
only removes stones, and does nothing to correct the underlying 
pathogenesis, seems inadequate, and perhaps the 18% incidence of 
recurrence testifies to this. 

Now, there may be exceptions— perhaps the patients in the older 
age groups. 

There is one other aspect of the argument which I think might not 
support their conclusions. The authors do not recommend routine 
choledochoduodenostomy, because the average age of their patients 
was 66 years, and it required an average of 12 years to develop 
common duct stones. I would point out that a woman 66 years of age 
has a life expectancy of 17 years, whereas a male. 13 years. Thus 
patients in this age group should not be refused an operation which 
would minimize their having a chance of recurrent choledocholithiasis. 

One question: What is the mechanism of common duct stone 
formation in these patients who have a dilated duct, and yet seem to 
have a patulous sphincter? 


DR. HIRAM C. POLK, JR. (Louisville, Kentucky): I would construe 
Professor Sandblom's remarks to be a caution about our approach to 
alleged postoperative-retained stones. I think this is an important 
caution, because it seems that every month there is a new device, a 
new procedure, a new adjustment that's recommended for the 
prevention and/or treatment of retained common duct stones. I think 
some of these approaches proposed by our colleagues in radiology are 
not necessarily sound; they can be potentially dangerous, if one alters 
basic surgical principles. 

I would construe Dr. Sandblom's remarks simply as that one 
needs to be careful, that these "'stones" may not occur quite so 
frequently as suggested. An example of one change that led to 
grief on our service reflects the radiologists’ preference: if you 
are going to require their help to extract a post-operative 
stone, one should leave a very straight T-tube tract. 

Well, we had one resident, nameless, but long remembered, who 
decided that the ultimate in a short T-tube tract was a straight 
line. When the patient turned to get out of bed, the parietal fixation 
point remained fixed, but its site of insertion in the common duct 
was dislodged, leading to a post-operative bile collection. 

I think these kinds of adjustments are potential sources of 
danger for all of us, and that our interpretation of retained stones, 
as suggested here— whether clots or stones or otherwise— 
need be carefully done, and certainly not be contrary to the 
bacis surgical principles of biliary tract surgery that have led to 
the kind of results our patients can expect today. 


Dr. Ross H. RUTLEDGE (Fort Worth, Texas): I am going to 
confine my remarks to Dr. Zuidema's paper. 

| agree with him that it is very difficult to be sure what is 
really a primary common duct stone. He has pointed out that they 
can be present at the first biliary operation, but I am not sure we can 
rely on time intervals after surgery to say whether a stone is primary 
or secondary or to say how soon they will recur. 
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Also, I agree that the ampulla may not seem to be diseased, but 
if the duct is quite dilated and contains sludge or soft round 
stones, stasis must be present and better drainage is needed or 
further stones will form. I am not really sure that the passage 
of a probe or small dilator can be equated with a patulous 
ampulla. 

(Slide) My experience with biliary drainage procedures now 
includes 97 patients without operative mortality or serious compli- 
cations. These have been done on 13% of my benign gallbladder 
operations. Many are quite elderly. Eighty-four had a sphinc- 
teroplasty. Only 13 of these were secondary procedures. All of the 
13 choledochoduodenostomies were primary operations. About 
25% of these drainage procedures were done for what I thought 
were primary common duct stones. 

I have been very pleased with both the sphincteroplasty and chol- 
edochoduodenostomy and have done one or the other whenever 
primary stones, stasis, or sludge was found, especially if this 
was a secondary operation. One of my patients with a 
a choledochoduodenostomy may have a muld sump syndrome, but 
all the others with these drainage operations that have been done 
for stones, primary or secondary, have had no further problem 
with their biliary tree. These 97 patients have had less mortality 
and less morbidity than an equal number of my own patients 
who have had a choledocholithotomy without one of these two 
drainage procedures. Consequently, I have come to regard a 
cautiously chosen and carefully performed sphincteroplasty as a 
safeguard against further biliary stone problems. 


DR. JoAQUIN ALDRETE (Birmingham, Alabama): I somewhat hesi- 
tate to come up here after the discussers that were here 
before. However, I think I would like to make a few comments 
on the paper presented by Dr. Zuidema and associates. I 
think its a very important contribution. The reasons have 
already very clearly been pointed out. 

I think a very significant finding was that only one patient had 
stenosis of the ampulla; and I think that is the whole key 
in the indication for doing a choledochoduodenostomy. 

(Slide) Over the past nine years we have performed approxi- 
mately forty-five of these operations, and we have been totally 
satisfied with them. However, I think it's very important—and I 
would like to show one slide— clearly pointing out the indications. 

The indications for choledochoduodenostomy are, whenever there 
is an obstruction of the distal common bile duct; this obstruc- 
tion is primarily caused by stenosis of the sphincter of Oddi or 
by distal obstruction of the common bile duct due to pan- 
creatitis. 

The other indications— and these should be recurrent choledo- 
cholithiasis and periampullary tumors—are only very, very second- 
ary operations, when some other surgical procedure cannot 
be done. 

| believe that if one stays with these two indications for 
choledochoduodenostomy, and if one objectively evaluates the 
results of this operation over a long period of time, I think 
one will be very satisfied with the results. Thank you very 
much. 


DR. PHILIP SANDBLOM (Closing discussion): May I first say a 
word about Dr. Zuidema's presentation? 

| agreed entirely with him, and especially in his hesitation 
to perform derivative operations in cases of common duct 
stones; the reason being that this may produce an ascending 
cholangitis which is not always recognized in the absence of 
flagrant symptoms. 

I once collected all the cases I could find in the world literature 
where there had been an autopsy more than five years after a bilio- 
digestive shunt. They are hard to find, and I discovered less than 
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25. | was surprised to see the extent of cholangitis in these 
cases, which revealed itself only in the pathology and not 
necessarily with symptoms. I’m sure it's not very beneficial 
to go around with cholangitis, even if you don't have chills 
and fever. 

Some patients with only minor symptoms even demonstrated 
multiple small abscesses in the liver. This fits very well with 
the previous paper, showing the danger of having chronic infection 
of the biliary tract. 

| am thus very restrictive with derivative operations, and 
agree in this respect entirely with Dr. Zuidema and Dr. Warren. 

Regarding my own paper, hemobilia is usually called a medical 
curiosity. Although major hemobilia is still not very frequent, 
minor hemobilia certainly occurs often, and its clinical significance 
has been neglected. 


DR. JouN L. CAMERON (Closing discussion): I think, by and 
large, the discussants line up as one would expect, either for 
choledochoduodenostomy or sphincteroplasty, or against. I'd like 
to make just two additional comments, and leave the rest of the 
discussion as it is. 

Dr. Thomas raised the question: What is the pathogenesis of 
recurrent primary common duct stones? That clearly is not known. 
If ampullary stenosis was frequent, then obviously a sphinc- 
teroplasty or side-to-side choledochoduodenostomy would be appro- 
priate. In our series, it was distinctly uncommon. Mechanical 
obstruction could not be identified. 

In addition, it was difficult to implicate the duct dilatation as 
secondary to obstruction from the stone, since most of these 
patients had very low serum bilirubins. 

| certainly don't know what the pathogenesis is. However, 
possibly these are stasis stones, but with the stasis resulting 
from abnormal functional dilatation of the duct after the 
cholecystectomy. 

As everyone knows, dilatation of the common duct does 
occur in many instances after a cholecystectomy, and possibly 
this is just an abnormally large functional dilatation, which 
results in stasis, and these are stasis stones. 

In answer to Dr. Glenn's comments about recurrent stone 
formers, we certainly have seen these patients, and they will 
continue to form stones even despite the fact that a sphinc- 
teroplasty or side-to-side choledochoduodenostomy has been 
performed. Neither of these procedures prevents the recurrence, 
although when the stones do recur, in most instances they will 
pass out the sphincteroplasty, or else be caught in the distal, 
defunctionalized segment of a choledochoduodenostomy, and 
produce the sump syndrome. 

Dr. Rutledge has an excellent series of sphincteroplasties 
and side-to-side choledochoduodenostomies that he presented 
here a year ago, with no mortality. However, I think it's 
safe to say that in most series there is approximately a 576 operative 
mortality for side-to-side choledochoduodenostomy, and I think 
these procedures certainly have to be restricted only to where 
there is a clear indication. 

When we started this retrospective review, I was quite 
convinced, knowing that we had not performed many primary 
duct drainage procedures in the last several years, that we would 
demonstrate a high recurrence rate, and therefore convince all 
the surgeons at Hopkins that they ought to be more aggressive 
in performing side-to-side choledochoduodenostomies. So we were 
not prejudiced in favor of the results as they eventually 
turned out. 

What we obviously neeed is more follow-up of patients 
surgically treated with primary common duct stones, both with 
just stone extraction and with a primary duct drainage procedure. 
And I think that, and that alone, will finally give us the 
answer. 
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Edited by HUGH G. BEEBE, M.D.. 
With 18 Contributors. 


Outstanding vascular surgeons from all sec- 
tions of the country have pooled their com- 
posite experience and knowledge for this 
in-depth work. Each has written on a specific 
vascular complication and gives you the bene- 
hit of his expertise in this area. Three objec- 
tives are always in view: 1) To help you 
prevent complications where the causes are 
known and can be anticipated. 2) To provide 
you with a clear guide to the management of 
complications. 3) To establish a foundation of 
information from which you can deal logically 
and effectively with problems not described. 
This work reaps the benefit of significant ap- 
praisals of long-term follow-up studies that 
became possible during the last ten vears. 
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ETHIBOND 


POLYESTER SUTURE 
has polybutilate 


IA first coating designed for surgery 








All coated sutures available until now have been coated with 
commercial lubricants. ETHIBOND suture, a braided polyester, is 
coated with polybutilate, also a polyester but developed specifically 
for surgical use. 

Since polyester coating has a natural affinity for polyester 
braid, a strong cohesive attraction forms — and minimum polybutilate 
is required for maximum lubrication. Each suture is uniformly coated 
according to size, virtually eliminating any possibility of the lubricant's 
flaking, shredding or beading. Thus, ETHIBOND suture exhibits less 
tissue reaction compared to sutures which tend to exfoliate their coating. 

With its minimum polybutilate coating, ETHIBOND suture 
has a soft, pliable hand — easy to tie and knot. It passes through tissue 
with an ease that can be compared to monofilament suture materials. It 
has high tensile strength, and retains its strength in vivo. 

ETHIBOND suture is available in a full range of sizes, in 
precut unthreaded sutures or swaged to Super-Smooth needles 
specifically designed for general surgery. 

The general surgeon will find ETHIBOND suture an excellent 
choice for skin closure, fascial closure, hernia repair and Gl 
anastomosis, affording ease of passage through tissue, minimal 
reactivity and patient comfort during suture removal. 


EIHICON 





"Trademark (See next page for complete product information.) © ETHICON, INC. 1976 


74A 


COMPLETE PRODUCT INFORMATION 





ETHIBOND* 


POLYESTER SUTURE 
NONABSORBABLE 
SURGICAL SUTURE, C.S.P. 


DESCRIPTION 

ETHIBOND suture is nonabsorbable, braided, polyester 
(polyethylene terephthalate or MERSILENE* polyester) fiber 
uniformly coated with polybutilate, or poly [oxy-l, 
4-butanediyloxy (1,6-dioxo-1,6-hexanediy!)]. The highly adher- 
ent coating is a biologically inert, nonabsorbable compound 
which acts as a lubricant to mechanically improve the physi- 
cal properties of the uncoated suture by improving ease of 
passage through tissues and by providing overall improved han- 
dling qualities as contrasted to the braided, uncoated fiber. 


ETHIBOND sutures are sterile, inert, and elicit minimal tissue 
reaction. They are braided for optimal handling properties, 
and for good visibility in the surgical field the dyed sutures are 
colored with D&C Green No. 6. 


ACTIONS 

ETHIBOND sutures are strong, nonabsorbable sutures: sub- 
cutaneous tissue implantation in rats shows that no signific- 
ant change in the retention of tensile strength of the suture 
occurs during the entire evaluation period of 180 days. Both 
the polyester fiber suture material and the polybutilate coating 
are pharmacologically inactive. 


INDICATIONS 
ETHIBOND suture is intended for use as a nonabsorbable 
suture. 


CONTRAINDICATIONS 


None 


WARNINGS 
ETHIBOND polyester sutures have not been evaluated in 
ophthalmic surgery. 


Do not resterilize. 
PRECAUTIONS 
As with all sutures, acceptable surgical practice must be fol- 


lowed with respect to drainage and closure of infected 
wounds. 


Knot security requires the standard surgical technique of flat 
and square ties, with additional throws if indicated by surgical 
circumstance and the experience of the operator. 


Two-year carcinogenicity studies in Long-Evans rats demon- 
strated no carcinogenic potential. 


ADVERSE REACTIONS 

Slight erythema and/or induration at suture sites have been 
reported in approximately 2% of the patients in whom 
ETHIBOND sutures have been used, a not unexpected reaction. 


DOSAGE AND ADMINISTRATION 


Use as required per operation. 


HOW SUPPLIED 
ETHIBOND sutures are available sterile as green braided and 


undyed (white) strands in sizes 5 to 7/0 in a variety of lengths, 
with and without needles, in one and three dozen units. 
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Here is a unique and timely atlas text describing 
the wide variety of diseases and lesions that have 
been successfully treated through vascular anas- 
tomoses performed with a new stapling instrument 
originated and perfected by Dr. Inokuchi. 


The extensive experiences of the authors with ves- 
sel suturing equipment have extended the use of 
these instruments beyond the repair and recon- 
struction of vessels, to other areas of surgery. For 
example, use of the Inokuchi stapling instrument 
has made possible the free transplantation of intes- 
tine as a reconstruction of the cervical esophagus. 


A highlight of the book is a discussion of the many 
problems and difficulties which arise in portacaval 
shunt for portal hypertension. The authors have 
realized success in this operation and describe a 
new technique—left gastric venous-caval shunt. 


This highly descriptive book contains details on 
the design of the Inokuchi vascular stapler and 
step-by-step instructions on its use and applica- 
tions. Many of the operations performed utilizing 
the device are discussed, describing the 
techniques used and giving case histories. 


198 pages / 301 illustrations, including 68 photographs. 
11 in color / 21 Tables / 1975 / $57.00. 
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The Effect of the Distal Splenorenal Shunt on 


Hypersplenism 


DUANE G. HUTSON, M.D., ROBERT ZEPPA, M.D., JOE U. LEVI, M.D., EUGENE R. SCHIFF, M.D., 


Twenty-four patients with leukopenia and/or thrombo- 
cytopenia improved these deficiencies after distal splenorenal 
shunts. The average white blood cell count for 23 neutropenic 
patients increased by an average 1000 cells/cu.mm p«.01. 
The average platelet count for 13 thrombocytopenic patients 
increased by more than 40,000, p — .02. Analysis of the 
data showed that patients older than 50 years, with a 
history of alcoholic liver disease and sinusoidal hyptetension 
greater than 15mm Hg were most likely to correct leukocyte 
and platelet defects after distal splenorenal shunts. 


EMATOLOGIC DISORDERS are well documented 
H in association with cirrhosis of the liver and portal 
hypertension. Anemia, thrombocytopenia and leuko- 
penia are the most frequently encountered. The 
association of these abnormalities with splenomegaly is 
considered to be due to sequestration of the formed 
elements within the enlarged spleen and questionable 
destruction by immune mechanisms. Support for this 
hypothesis is found in the almost uniform improvement 
in thrombocytopenia and leukopenia which follows 
splenectomy, although the anemia associated with 
cirrhosis and portal hypertension appears to be 
multifactorial in origin and in general does not respond 
to this therapy.*** Splenic venous hypertension due to 
portal block is thought to cause the splenomegaly which 
results in the sequestration and destruction of the 
leukocytes and thrombocytes. Since the initiating 
factor seems to be splenic venous hypertension, then 
therapeutic procedures which lower splenic venous 
pressure might be expected to improve these hemato- 
logic abnormalities. The distal splenorenal shunt 
effectively reduces splenic venous pressure to nearly 
that of the left renal vein thus a reduction in 
splenomegaly and hypersplenism following this pro- 
cedure might be expected. With this hypothesis in 
mind, the effects of the distal splenorenal shunt on pre- 
existing leukopenia and thrombocytopenia in 24 
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patients with cirrhosis of the liver and portal 
hypertension were analyzed. 


Patient Selection 


During the past five years 66 patients were treated by 
distal splenorenal shunts for portal hypertension and 
bleeding gastroesophageal varices. Twenty-four of 
these patients (Table 1) demonstrated evidence of 
hypersplenism as indicated by 1) leukocyte counts of 
less than 5 x 10? and/or 2) platelet counts of less than 
100 x 10°. Hemoglobin and hematocrit determinations 
were of no value since all but one of these patients 
experienced repeated episodes of variceal hemorrhage 
requiring multiple transfusions. Nineteen males and 
five females comprised the group whose average age 
was 52 years (range 19-70 years) at the time of 
operation. Ten patients were alcoholics and one of the 
14 patients with postnecrotic cirrhosis also suffered 
from Felty’s Syndrome of many years duration. 
Corrected hepatic sinusoidal pressures were measured 
in 17 of the patients prior to surgery (X = 16mm 
mercury, SEM = 2mm mercury). Preoperative splenic 
size was recorded only as spleen palpable or non- 
palpable. Intraoperatively, splenic size was estimated 
variously as minimally, moderately, or markedly 
enlarged. 

Repetitive physical examinations and complete 
blood counts were obtained at various times after 
operation ranging from 6 to 48 months (X — 21 
months). 


Results 


The description of the sample under study (Table 1) 
shows that the increase in leuykocyte counts following 
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TABLE l. 
a Iaaaaaaaaaaaeaeaeaeaeaeauauauaasasasasasasasasesesososuasu$ltlu$lululussSsSslMlSl 
Corr Pre-op Post-op 
Sinusoidal Pre-op Post-op Platelet Platelet Splenic 
Pt. Age Pressure Time of WBC WBC Count Count Enlarge- 
No. Years Sex Alcoholic mm Hg Follow up x 10? x 10° x 10? x 16° ment 
OS 
l 36 M No — 24 2 4 52 86 Moderate 
2 54 M Yes — 9 6 6 42 138 Moderate 
3 55 M Yes 26 p») 3 6 121 111 Moderate 
4 49 F No 16 36 4 4 73 103 Moderate 
5 63 M No — 4] 3 4 82 230 Moderate 
6 42 F No 22 12 4 5 108 54 Moderate 
7 49 M NO D? 7 2 3 40 89 Moderate 
8 62 M No 10 46 4 4 69 130 Moderate 
9* 62 F No 5 6 | l 120 38 Marked 
10 38 M No — 18 4 5 114 94 Moderate 
11 19 M No 3 i8 2 3 92 60 Moderate 
12 67 M Yes 22 9 4 4 260 260 Moderate 
13 42 F No 32 12 3 3 57 53 Moderate 
14 S0 F Yes 19 2] 3 6 96 150 Marked 
15 53 M Yes 9 10 4 5 216 138 Marked 
16 5] M No — 36 l 3 60 63 Moderate 
17 51 M Yes 28 6 4 4 206 150 Moderate 
18 52 M Yes 24 12 4 5 66 109 Minimal 
10 59 M No 14 15 2 3 40 90 Moderate 
20 57 M Yes — 48 3 3 136 140 Moderate 
21 56 M Yes 12 12 4 3 216 180 Moderate 
22 63 M Yes 7 18 2 4 170 87 Moderate 
23 46 M No 12 9 3 4 162 100 Moderate 
24 70 M No 7 48 3 6 66 87 Moderate 
AUG §2 19 M 10 A n — I8 2] months 3.1] 4.1 111 114 
—— X = 16 SEM = .24 SEM = .25 SEM = 13 SEM = 11 
SF 14 NA SEM = 2 (593.12 t= —.04 
p «.0l p 9 


Oe 


* Felty’s Syndrome with portal hypertension. 


distal splenorenal shunt was significant, p < .01 tor the 
entire group. The average platelet counts indicate that 
thrombocytopenia was not a general deficiency for this 
cohort. However, three subgroups were identified and 
analyzed. 


Leukocytes <5 x 103, Platelets 2 100 x 10° 


There were 11 patients in this leukopenic subgroup 
including the patient with Felty’s Syndrome. The 
average preoperative leukocyte count (exclusive of the 
patient with Felty’s Syndrome) was X =3.5 x IP, 
SEM = 0.2 x 108. This rose to X = 4.3 x 10°, SEM 
= 0.3 x 10? postoperatively. The difference in leuko- 
cyte counts after, as compared to before therapy, 1 
highly significant, p < .05. Four of the 10 patients 
(Felty's excluded) showed a return of the WBC to 
normal or 40%. 


Leukocytes <5 x 103, Platelets < 100 x 10° 


Twelve patients presented with both leukopenia and 
thrombocytopenia. The average preoperative leu- 
kocyte and platelet counts were Xeno 2,8 x 10, 
SEM = 0.3 x 10% and X pat = 66 x 10, SEM = 5 x 10°, 


respectively. Postoperatively, the average white blood 
cell count rose to Xygc = 4.0 x 108, SEM = 0.3 x 10° 
and the average platelet count X,j4, ^ 104 x 10°, 
SEM = 14 x 10°. These pre and postoperative changes 
were significant at the p < .01 for the leukocyte and 
p < .02 for the platelet counts. The overall improve- 
ment in these parameters for the subgroup is clear. 
However, the individual return to normal hematologic 
measurements was less satisfactory. Two of the 12 
patients were benefited by a return of both the 
leukocyte and platelet counts to normal. An additional 
patient demonstrated a return to normal of the 
leukocyte count and four patients were found to have 
normal platelet counts postoperatively. The return to at 
least one normal value occurred in seven of the 12 
patients or 58%. 


Leukocytes 25 x 10, Platelets < 100 x 10? 


A single patient was identified with thrombocyto- 
penia alone. the preoperative platelet count of 
42 x10? rose to 138 x 10° in the postoperative 
period. 

The individual returns to normal values after distal 
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splenorenal shunt for leukopenic patients was only 
seven in 22 (Felty's excluded) or 3296 and for 
thrombocytopenia was 6 in 13 or 46%; however the 
overall improvement in hematologic parameters due to 
the operation was highly significant, at least in sub- 
groups A and B. Despite the significant increases in 
leukocyte and platelet counts secondary to surgery, 
accurate individual prognosis concerning the probabil- 
ity or normal postshunt leukocyte and platelet counts 
is not possible using the data derived from the study 
of the respective subgroups. Therefore, the data 
were examined further to determine the effects, if any, 
of age, alcohol abuse and sinusoidal pressure on 
the hematologic response to the distal splenorenal 
shunt. 


The Effect of Age 


Eight of the patients were younger than 50 years 
of age at the time of operation and their preoperative 
platelet and leukocyte counts averaged Xwpc = 3.0 
x 10, SEM = 0.3 x 10°: Xpat = 87 x 10°, SEM = 14 
X 10°, respectively. Splenorenal anastomoses had no 
discernable effect upon leukocytes or platelets in 
these patients (Fig. 1). The postoperative counts 
were on the average Xygc = 3.9 x 10°, SEM = 0.3 
X 10° for leukocytes and X at= 80 x 103, SEM =7 
X 10° for platelets. Only 25% of the patients at risk 
demonstrated a return of the leukocyte count to normal 
and platelet counts rose to greater or equal to 100 x 10? 
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Fic. 1. No significant difference between preoperative and post- 
operative counts in the under 50 age group. 


EFFECT OF SHUNT ON HYPERSPLENISM 









607 
EFFECT OF AGE | PLATELET 
WBC x 10? E 3 s2 el 
6— 1-.248 — | SEM an O” 
df - 28 
p < 02 ZZ PRE-OP 
gom B os -or | — Vs 
d emi 5/14 pts. | WBC Yy - — 100 
> 5000... 36% 
AZ 5/8 pts. Å PLATELETS 
3— Y - S 100000 ... 63% d dis 
p 
7 a: 
p 
p 
R | _ 
_ 
o — Wa - ^". Wi — 





FiG. 2. Postoperative change in WBC is highly significant in over 
50 year age group. 


in one of five patients or 20% of the thrombocytopenic 
group. 

Fifteen patients were older than 50 years (Felty's 
patient exempted) and 14 presented with neutro- 
penia, Xygc = 3.3 x 10°, SEM = 0.3 x 10°. The aver- 
age postoperative leukocyte count was significantly 
increased to Xygc = 4.4 x 10, SEM = 0.3 x 103. 
p < .02 (Fig. 2). Conversely, there was no change 
in the platelet counts in this cohort. The average 
preoperative count was Xy4,— 123 x 10° and rose 
postoperatively to Xpat = 138 x 10°. These means 
define the group as a whole as having a normal 
platelet population. However, 8 of these 15 patients 
in the over 50 group and five of the 8 patients 
in the under 50 group were found to be thrombocyto- 
penic by the criteria listed previously and analyses 
of the responses to the distal splenorenal shunt in these 
thrombocytopenic patients is seen in figure 3. There 
were no significant changes in the platelet counts 
of the younger patients while a highly significant 
increae in thrombocytes was noted in the older 
people. Five of the 8 older patients, 63%, became 
normal with respect to circulating thrombocytes. 
There were no significant differences between the two 
age groups with respect to preoperative leukocytes 
(t = —0.69, df = 21) or platelets (t = —1.28, df = 21). 


The Effect of Alcohol 


Ten patients suffered from alcoholic liver disease. 
Nine of the 10 patients presented with leukocyte 
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Fic. 3. Age and initial low platelet count. In older patients with 
preoperative thrombocytopenia the improvement in platelet counts 
is striking. No significant change is demonstrated in the under 50 
group. 


counts below 5 x 10°. Four of these were found to 
have increased their leukocyte counts to normal or 
44% of the group at risk. Only three of the ten 
patients (30%) were found to be thrombocytopenic and 
all of these patients had normal platelet counts 
postoperatively (Fig. 4). 

All of the 13 patients in the non-alcoholic cohort 
(Felty’s excluded) were neutropenic (Fig. 4). Only 
three patients increased their leukocyte courts to 
normal levels postoperatively (23%). There was more 
than twice the incidence of thrombocytopenia in this 
subgroup, ten of 13 patients (77%) as compared 
to the alcoholics (30%). In addition, only three 
of these ten patients had normal platelet counts 
when studied after operation (30%). One of these 
non-alcoholic responders was younger than 50 years 
whereas all of the thrombocytopenic patients who 
responded were age 50 years or older. Corrected 
sinusoidal pressures were not significantly different 
between the alcoholic and non-alcoholic subgroups. 
However, the two groups were significantly dissimilar 
as to preoperative as well as postoperative platelet 
counts (Fig. 5). 


The Effect of Sinusoidal Hypertension 


Seventeen patients of the group were analyzed 
with regard for corrected sinusoidal pressure as it 
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might be related to the hematologic response to 
distal splenorenal shunt. As shown in Figure 6, 
the patients whose preoperative corrected sinusoidal 
pressures were greater than 15mm of mercury 
demonstrated a more than twofold greater response 
in normalization of the leukocytes and platelets than 
did those patients with pressures below 15mm of 
mercury. 

The time of followup seemed to be of no importance. 
The recovery rate was similar at all times of evalua- 
tion therefore it appears that a response will be 
noted on or before the sixth postoperative month or 
not at all. 

Splenomegaly seemed to improve after distal 
splenorenal shunt since nine of the 14 patients with 
preoperatively palpable spleens no longer presented 
with this physical finding (64%) in the postoperative 
period. One patient with a nonpalpable spleen pre- 
operatively was found to have his spleen palpable in 
the postoperative evaluation. 


Discussion 


In a recent review on portasystemic venous 
shunts, Malt? has written, ‘‘Hypersplenism in portal 
hypertension is relieved by a portacaval shunt in 
about 6096 of patients. Certain cure probably requires 
a splenectomy and shunt." Further, Child and 
Turcotte? have stated, ‘‘. .. Experience has proved 
that a generous portacaval shunt that remains patent 


ALCOHOLICS 
(n =10) 


NON- ALCOHOLICS 
(n =13) 
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Fic. 4. The difference in preoperative vs. postoperative WBC in both 
alcoholic and non-alcoholic patients is significant, p<.05. However, 
normal postoperative counts occurred more frequently in the 
alcoholic group. 
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Fic. 5. Pre and postoperative WBC in alcoholic vs. non-alcoholic 
patients were not significantly different. Platelet profiles indicated a 
significant difference between the two groups, non-alcoholics having 
the highest incidence of thrombocytopenia. 


serves as a physiological splenectomy.” Probably, 
these conclusions are based in part on personal 
experience and to some degree on the few reports 
which have addressed the problem of hypersplenism 
and portasystemic shunts specifically. For example 
Patton et al.!! concluded that portacaval shunt was as 
effective as splenectomy in relieving hypersplenism, 
without benefit of reported data. Morris and his 
colleagues? suggested that the incidence of hyper- 
splenism was about 30% in cirrhotics. They found 
8 patients who were identified as presenting with 
"definite hypersplenism’’ and reported that all were 
relieved of this complication by side to side porta- 
caval shunts, albeit only transiently in two patients. 
Rousselot" found that one third of his patients 
were cured of thrombocytopenia, one third evinced 
no change and the remaining one third were victims 
of progressive hypersplenism. 

More recently, Jackson and his coworkers? indicated 
that nearly 15% of the patients in the V.A. Cooperative 
Study met the criteria for hypersplenism. In 17 patients 
with leukopenia who were treated by portacaval 
shunts, 8 showed improvement (4796), whereas 12 of 
the 14 leukopenic patients randomized to medical 
therapy continued with low white cell counts. 
Thrombocytopenia did not improve in the medically 
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treated patients whereas five of 9 in the surgically 
treated group were improved (56%). 

On the other hand, MacPherson and Innes? in an 
earlier study, provided data which suggested that 
portacaval shunt therapy had no discernable effect 
on hypersplenism secondary to portal hypertension. 
Conversely they were able to show that in 46 
patients, splenectomy led to a uniform increase in 
white cells as well as platelets in the peripheral 
blood. 

Data derived from yet another propsective random- 
ized trial by Conn and his co-workers!? supports the 
contention that portacaval shunt therapy provides no 
help to hypersplenism in cirrhotics. In fact, these 
authors have shown that, whereas only 3% of their 
patients were leukopenic preoperatively, 11% were 
found to have this deficiency after surgery. Similarly 
an 876 incidence of thrombocytopenia prior to shunt 
surgery was found to escalate to 1796 postoperatively. 

The results of this study shed no light on the contro- 
versy concerning the efficacy of portacaval shunt 
therapy in relieving hypersplenism. The data indicate, 
however, that the distal splenorenal shunt does have a 
profound effect on leukopenia associated with portal 
hypertension. Ninety-nine percent of the time an 
improvement in the peripheral white blood cell 
counts may be expected. However, in only 2796 of 
instances does the white cell count return to 


"normal." Under the conditions of leukopenia 
« 15 mm Hg > 15 mm Hg 
CORRECTED CORRECTED 
(n = 8) (n - 9) 
PRE- OP 
S | Lees 3.0 ə WBC |... 3.4 
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POST -OP 
|, See 40 e WBC ......... 4.4 
* PLATELETS ........... 109 € PLATELETS ......... 120 


e 2/8 4 WBC 
85-5000 sciaro 25% 


e 4/9 A WBC 
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> 100,000 ... 60% 


Fic. 6. Normalization of peripheral counts occurs more frequently 
in patients whose preoperative corrected sinusoidal pressures are 
greater than 15mm Hg. 
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in the absence of thrombocytopenia, 40% of patients 
returned their white cell counts to normal. 

Thirteen patients demonstrating thrombocytopenia 
were improved to one degree or another and 6 of 
these patients (46%) were found to have normal 
platelet counts when examined postoperatively. This 
is in striking contradiction to the statement by 
Bengmark! writing on ‘‘the Warren shunt, . . . its 
influence on the platelet count is negligible. Thus it is 
not suitable in hypersplenism."' 

Examination of the population of white cell and 
platelet counts before and after surgery from leuko- 
penic and/or thrombocytopenic patients, clearly shows 
that the distal splenorenal shunt has a positive effect. 
Statistical analyses indicate significant improvements. 
Consideration of other factors has shown that older 
patients (greater than 50 years) are more apt to 
show improvement and that young, non-alcoholics 
benefit least. We have been able to confirm Jackson's 
finding that higher initial portal pressures are more 
likely to be associated with improvement in the 
peripheral counts after surgery. 
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DISCUSSION 


Dr. PAUL T. DECAMP (New Orleans, Louisiana): Like so many of 
you, we have watched with interest the careful way in which 
Dr. Warren and the Miami group have followed the effects 
of this procedure, and it's interesting to hear these figures, 
which perhaps in their multiplicity are confusing us at the 
moment, but I’m sure will be crystal-clear when we have time 
to read the paper. 

We have had a series of 12 cases in which we have done the 
Warren procedure. Seven of these were moderately hypersplenic, 
and our results roughly parallel those of the authors. Two of 
five with low platelet count responded, and none of three with a 
low white count responded. 

None of these patients had a major hypersplenic clinical 
problem, either before or after their surgery, and 1 would like to 
ask Dr. Zeppa if any of his patients did. Frankly, in such a case 
we would be a little hesitant to leave the spleen behind. 

I rise principally to endorse the still relatively unpopular 
Warren procedure. We waited until they proved it worked and it 
wasn't too hazardous; but empirically it certainly has a lot going 
for it. Segmental variceal decompression with minimal portal 
venous diversion has much to recommend it. And certainly, if it 
will control the hemorrhage, it should be better, and certainly 
couldn't be worse, than procedures which directly permit or 
encourage portal venous diversion. 

So there remains only the technical fears that have apparently 
discouraged a number of us. This is an operation which does 
require a degree of technical competence, and only each 
individual surgeon in his own conscience can decide whether he 
has that competence or not. 


In the last four years we have done the procedure 12 times. 
There have been no operative or postoperative deaths. There has 
been a moderate morbidity, and the results have been satisfactory. 
One of the cases has persistent varices, a large spleen, and 
a moderate late hemorrhage. Presumptively, his shunt has 
thrombosed. 

Two cases have developed encephalopathy, one following a late 
portal vein thrombosis, and he has died four years postoperatively. 
The remaining cases have done very well. 

The operation is technically demanding, but it can be done with 
relatively little blood loss. We had three cases with multiple 
vascularized abdominal adhesions, and they averaged blood 
replacement of four units apiece. The remaining 9 cases averaged 
less than two units of blood per patient. 

Some technical points may be worth emphasizing. We approach 
the splenic vein from below in the base of the transverse 
mesocolon. We clamp all retroperitoneal tissues before we divide 
them. We use magnification in the dissection of the splenic 
vein and the performance of the venovenous anastomosis. We take 
great care to ensure that we have a large opening. It's very easy 
to purse-string this anastomosis using a monofilament suture. 
We take pressures, and if there is any more than two or 3 mm 
pressure differential across the anastomosis, we take it down and 
do it again. 

It is our feeling that the Warren procedure is indicated in 
portal hypertension, with bleeding esophageal varices, unless there 
is a positive indication for decompressing the liver or for removing 
the spleen. 

We employ it in cases of portal venous occlusion; and it’s 
interesting to see some reports coming out of late bad effects in 
children with this disorder in whom more standard types of 
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shunts have been done. And we do it in cases of variceal 
hemorrhage, even though ascites is present as a secondary 
phenomenon. 


Dr. FRANCIS C. JACKSON (Lubbock, Texas): Our interest, of 
course, as Dr. Zeppa indicated, stems from our observations among 
277 V A patients (all of whom alcoholics with cirrhosis and varices) 
studied in a cooperative effort by 46 investigators between 1962 and 
1971. The average follow-up of these cirrhotics was 9 years. 

In these controlled VA efforts, there were 189 patients with 
splenomegaly, 41 of whom had or ultimately developed hyper- 
splenism. This is an over-all incidence of about 15%. We used the 
same criteria for this condition as did the Miami group, or vice versa. 

However, this was a much lower incidence of hypersplenism than 
the 36% reported by Dr. Zeppa today. I think the reason may be 
that ours was, probably, a more select group of patients. Actually 
the frequency of hypersplenism increased gradually over the years in 
our study. There were nine new hypersplenic patients who appeared 
in the nonshunted group during the follow-up period. In other words. 
the new patients with hvpersplenism appeared among the unoperated 
controls. 

Our experience was essentially limited to the end-to-side por- 
tacaval shunt, which, of course, is a different decompressing pro- 
cedure from that described today. In our opinion, the operation 
may prevent the appearance of hypersplenism, but we don't neces- 
sarily change the existing leukopenia or thrombocytopenia phe- 
nomena to any great degree. 

I was particularly impressed that the authors confirmed our earlier 
crude studies on portal pressure, which indicated that patients with 
higher initial portal pressures seem to have more frequently reversion 
of their cytopenic state following a shunt. However, it's clear from 
both studies that "physiologic splenectomy” by portal or splenic 
decompression is much less reliable than splenectomy in producing 
a more normal pattern of white cells and platelets. 

To illustrate this point from the Miami data, the increase in white 
cells averaged only 1000 cells per cubic millimeter in 15 of 24 patients. 
Only 27% of the patients raised their white cell counts to the ranges 
over 5000, and one patient actually developed leukopenia. 

Also, among 11 patients with platelets over 100,000 before their 
shunts, 9 had some drop in platelet counts and four became throm- 
bocytopenic; that is, below the stated 100,000 for this condition. 

I believe we can make certain observations: first, that we have few 
answers as to the cause-and-effect relationship between obstructed 
portal flow and hypersplenism. Secondly, the effects of various types 
of shunts are even less predictable, despite many favorable trends. 
Thirdly, better controlled observations among shunted and non- 
shunted patients are necessary. And lastly, we certainly need more 
basic information on the hemopathology of hypersplenism. 

In conclusion, I would like to ask the authors three questions. Have 
you compared the results of your distal splenorenal shunt studies 
with other types of shunts in your past investigations? What do you 
feel is the reason for the post-shunt differences between alcoholic 
versus nonalcoholic cirrhotics? And lastly, have you studied those 
patients who developed post-shunt cytopenias to determine if their 
shunts were occluded? 


DR. GEORGE JOHNSON, JR. (Chapel Hill, North Carolina): Stimulated 
by this abstract, we reviewed our series of 60 patients who have 
had an ablative operation for bleeding esophageal varices at the 
North Carolina Memorial Hospital. We attempted to determine if 
the platelet and white cell count responses following splenectomy, 
as carried out in the ablative operation, were similar to that just 
reported when the splenic vein was decompressed. 

Thirty-three, or 55%, of our patients had hypersplenism as just 
defined by Dr. Zeppa. The sex ratio was 1.5 males to one female, 
similar to our total series, but not showing the predominance of 
males just reported. Every one of the patients surviving the operation 
responded with a platelet count greater than 100,000, and a white cell 
count greater than 5000. 
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We also looked at the data in terms of rebleeding. We wished to 
determine if patients with thrombocytopenia and/or large spleens had 
the best results following the ablative operations. Patients with 
spleens weighing greater than 800 gm, or with platelet counts less 
than 100,000 had one half the incidence of rebleeding of the rest of 
the series. This suggests that correction of the thrombocytopenia may 
be one of the major beneficial effects of the ablative procedure. 

Do authors note any relation of the results in terms of rebleeding 
to correction of hypersplenism, specificially thrombovytopenia? 

Although the authors have already told us that there was no correla- 
tion between hypersplenism and size of the spleen, it would be of 
interest to know if the spleen was reduced in size after the distal 
splenorenal shunt. 

The continued physiological and clinical evaluation of the distal 
splenorenal shunt by this group is certainly appreciated. 


Dr. DUANE G. HUTSON (Closing discussion): I have a few com- 
ments in addition to the proposed questions. 

First, to Dr. DeCamp, we would be dishonest if we did not admit 
that our series verified what others have found, and that is that these 
findings of hypersplenism are rarely of clinical significance. None of 
these patients demonstrated a significant bleeding tendency nor was 
there any evidence of increased susceptibility to infection. 

It is interesting that the lack of infections possibly relates to the 
patient's ability to respond to an infectious challenge. The data on this 
is not available at this time; however, we are evaluating the response 
in terms of white counts to the operative procedure. At any rate, a 
susceptibility to infection was certainly not demonstrated in this 
series, even though several patients’ white counts were as low as 
1,000 per cubic millimeter. 

As relates to the technical aspect of the procedure, we have dis- 
continued the approach below the transverse mesocolon. We now 
favor exposure of the border of the pancreas through the lesser sac. 
As part of this exposure, the gastrocolic ligament is taken and the 
gastroepiploic system disconnected from the portal system. The ex- 
posure here is quite adequate and has the advantage of completing a 
portion of the required devascularization, while obtaining adequate 
exposure for the pancreatic dissection. 

We should remember, however, that the approach below the trans- 
verse mesocolon is perfectly acceptable and, indeed, in patients who 
have had previous upper abdominal or gastric surgery, this may be a 
preferred technique. 

The problem of persistence of varices following this procedure has 
been previously discussed at this meeting. We felt compelled to 
present this data since several surgeons had voiced considerable con- 
cern regarding the persistence of varices in certain postoperative 
cases. There is little question that in some 30 to 40% of these cases 
varices will persist; however, this is of academic importance since 
only one of these patients has had a significant episode of gastro- 
intestinal bleeding during the follow-up period. Despite the presence 
of varices, therefore, the operation, unquestionably, controls vari- 
ceal hemorrhage. 

Dr. Johnson's series was very interesting to me because this is 
the only report that I’m aware of that relates the results of the opera- 
tive procedure to the presence or absence of hypersplenism. 
Although we have the data on several of these cases, this has not been 
specifically evaluated in our series. 

Dr. Jackson alluded to the fact that this might be a selected group of 
cases. The only selection in this group of patients is related to portal 
perfusion of the liver. The only patients denied this procedure are 
those who demonstrate reversal of flow on the wedge hepatic angio- 
gram or those who demonstrate truly intractable ascites. 

The problem of ascites is one that is often discussed and we still 
feel that this is a contra-indication to the procedure, if it is truly 
intractable. I must point out, however, that massive ascites is not a 
contra-indication if it responds to therapy. We have had numerous 
cases with massive ascites at some point in the preoperative period 
who respond to medical management. These patients were all sub- 
sequently shunted and, in general, did not present a major problem. 
We have, however, had several cases of significant ascites in the 
postoperative period in patients who demonstrated ascites pre- 
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operatively and in one patient in whom preoperative ascites was not 
present. The difference in the response rates of the alcoholic vs. the 
non-alcoholic is essentially unexplained. 

To the question regarding postoperative angiographic studies, I 
must answer that these are not done as a routine. In all cases where 
there has been some indication for post-operative studies, however, 
the shunt has been found to be patent. The repeat angiography is the 
one procedure that these patients will refuse during the follow-up 
period. We have not been overly concerned about this since the re- 
bleeding rate has been so low. Undoubtedly, had a significant 
number of these shunts occuled, recurrent bleeding should have been 
evident at this point in the follow-up period. 

I would like to make several comments regarding operative mor- 
tality, since this continues to be discussed. We have, at this point, 
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done approximately 69 consecutive cases prior to experiencing our 
first operative death. Subsequent to that, the series has been ex- 
tended to 80 patients. At this point, therefore, we have had one 
operative death in approximately 80 cases. It is unquestionable that 
this procedure can be accomplished with an extremely low operative 
mortality. 

The long-term survival following this procedure was discussed by 
Dr. Zeppa at the American College of Surgeons meeting in October of 
this year. At this point, the survival seems comparable to most 
other series reported for portacaval shunts, with a striking increase in 
survival in the post-hepatic group. A comparison of this procedure 
to either the portacaval or mesocaval shunt will await the results from 
Dr. Warren’s study in Atlanta or from randomized studies conducted 
in several other areas. 
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trials, the incidence of gentamicin- and tobramycin- 
resistant organisms is higher than would be 
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large number of patients with gentamicin-resistant 
infecting organisms, such as Providencia stuartii 
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In the unusual circumstances where treatment beyond 10 days is 
considered, the use of Amikin should be reevaluated and, if 
continued, renal and auditory functions should be monitored daily. 


...in patients with impaired renal function 


Doses may be administered either by administering normal doses 
at prolonged intervals or by administering reduced doses at a fixed 
interval. Renal and auditory function should be monitored daily. 


BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 
AMIKIN™ (amikacin sulfate) 

For complete information, consult Official 
Package Circular. (1) AMIKIN 5/24/76 


Warnings: Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential ototoxicity and nephro- 
toxicity associated with their use. 

Ototoxicity, both auditory and vestibular, can 
occur in patients treated at higher doses or 
for periods longer than those recommended. The 
risk of amikacin-induced ototoxicity is greater 
in patients with renal damage. High frequency 
deafness usually occurs first and can be 
detected only by audiometric testing. 

The ototoxicity potential of amikacin in infants 
is not known. Until more safety reports become 
available, amikacin should be used in infants 
only in those specific circumstances when 
susceptibility testing indicates that other amino- 
glycosides cannot be used or are otherwise 
contraindicated, and when the infant can be 
observed closely for evidence of toxicity. 

Aminoglycosides are potentially nephrotoxic. 
Renal and eighth-nerve function should be 
closely monitored in patients with known or sus- 
pected renal impairment and also in those 
whose renal function is initially normal but who 
develop signs of renal dysfunction during 
therapy. Evidence of impairment in renal, ves- 
tibular or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Serum concentrations should be monitored 
when feasible, and prolonged concentrations 
above 35 mcg./ml. should be avoided. Urine 
should be examined for increased excretion of 
protein, cells and casts. 

Concurrent and/or sequential use of topically 
or systemically neurotoxic or nephrotoxic anti- 
biotics should be avoided. 

Amikin should not be given concurrently with 
potent diuretics. 

Usage in Pregnancy: Amikin should be used in 
pregnant women only when clearly needed. 










































Indications: Serious infections due to suscepti- 
ble strains of Gram-negative bacteria, including 
pseudomonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., 
klebsiella-enterobacter-serratia sp., and 


acinetobacter sp. Culture and sensitivity studies 
should be performed. 

Clinical studies have shown Amikin to be 
effective in bacteremia and septicemia (including 
neonatal sepsis); in serious infections of the 
respiratory tract, bones and joints, central 
nervous system (including meningitis) and skin 
and soft-tissue; intra-abdominal infections (in- 
cluding peritonitis); and in burns and post- 
operative infections (including post-vascular 
surgery). Clinical studies have shown Amikin 
(amikacin sulfate) also to be effective in serious 
complicated and recurrent urinary tract infections 
due to these organisms. Aminoglycosides, includ- 
ing Amikin injectable, are not indicated in 
uncomplicated initial episodes of urinary tract 
infections unless the causative organisms are 
not susceptible to antibiotics having less 
potential toxicity. 

Bacteriologic studies should be performed to 
identify causative organisms and their suscepti- 
bilities to amikacin. Amikin may be considered 
as initial therapy in suspected Gram-negative 
infections and therapy may be instituted before 
obtaining the results of susceptibility testing. 
Clinical trials demonstrated that Amikin was 
effective in infections caused by gentamicin and/ 
or tobramycin resistant strains of Gram-negative 
organisms, particularly Proteus rettgeri, Provi- 
dencia stuartii, Serratia marcescens and 
Pseudomonas aeruginosa. The decision to con- 
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tinue therapy with the drug should be based on 
results of the susceptibility tests, the severity of 
the infection, the response of the patient and 

the important additional considerations contained 
in the '"Warning'' box above. 

Amikin has also been shown to be effective 
in staphylococcal infections and may be con- 
sidered as initial therapy under certain conditions 
in the treatment of known or suspected staphylo- 
coccal disease such as, severe infections where 
the causative organism may be either a Gram- 
negative bacterium or a staphylococcus, infec- 
tions due to susceptible strains of staphylococci 
in patients allergic to other antibiotics, and in 
mixed staphylococcal/Gram-negative infections. 

Amikacin may be indicated in the treatment of 
neonatal sepsis when susceptibility testing 
indicates that other aminoglycosides cannot be 
used. In certain severe infections spch as 
neonatal sepsis, concomitant therapy with a 
penicillin-type drug may be indicatbd because of 
the possibility of infections due to Gram-positive 
organisms such as streptococci of pneumococci. 
Contraindications: A history of hypersensitivity 
to amikacin. | 
Warnings: See ‘Warning’ box above. 
Precautions: Amikin is potentially, nephrotoxic, 
ototoxic and neurotoxic. The concurrent or serial 
use of other ototoxic or nephrotoxic agents 
should be avoided either systemically or topically 
because of the potential for additive effects. 

Such agents include antibacterial drugs such as 
kanamycin, gentamicin, tobramycin, neomycin, 
streptomycin, cephaloridine, paromomycin, 
viomycin, polymyxin B, colistin and vancomycin 
as well as certain diuretic agents such as 
ethacrynic acid or furosemide. 

Adverse Reactions: Ototoxicity-See "Warning" 
box. 

Nephrotoxicity—Albuminuria, presence of red 
and white cells, casts, azotemia and oliguria 
have been reported. 

Other—Skin rash, drug fever, headache, 
paresthesia, tremor, nausea and vomiting, 
eosinophilia, arthralgia, anemia, hypotension. 
Dosage and Administration: The usual |.M. or 
I.V. dose with normal renal function is 15 mg./ 
Kg./day divided into 2 or 3 equal doses admin- 
istered at equally-divided intervals. For the 
heavier individual (greater than 100 Kg.), the 
total daily dose should not exceed 1.5 Gms. 
per day. 

When amikacin is indicated in newborns (see 
box ''Warning"'), it is recommended that a 
loading dose of 10 mg./Kg. be administered 
initially to be followed with 7.5 mg./Kg. 
every 12 hours. 

The usual duration of treatment is 7 to 10 days. 
The total daily dose by all routes of administra- 
tion should not exceed 15 mg./Kg./day for the 
average-weight person. In the unusual circum- 
stances where treatment beyond 10 days is 
considered, the use of Amikin (amikacin sulfate) 
should be reevaluated and, if continued, renal 
and auditory functions should be monitored daily. 

For patients with impaired renal function, 
whenever possible, serum amikacin concentra- 
tions should be monitored by appropriate assay 
procedures. Doses may be adjusted in patients 
with impaired renal function either by admin- 
istering normal doses at prolonged intervals or 
by administering reduced doses at a fixed 
interval. 

The solution for intravenous use is prepared by 
adding the contents of a 500 mg. vial to 200 ml. 
of sterile diluent such as Normal Saline or 
5% Dextrose in Water or any other compatible 
solution. 

The solution is administered over a 30- to 
60-minute period. 

Supplied: Rubber-capped vials as a ready-to-use 
sterile aqueous solution 100-mg., 500-mg., 
and 1.0-Gm. vials. 


| BRISTOL LABORATORIES 
BRISTOL Division of Bristol-Myers Company 
Syracuse, New York 13201 


1. Data on file, Bristol Laboratories. 
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1:7: HELLO], BI to oral analgesia 


As a rule only pain that requires 
morphine is beyond the scope of 
EmpirinCompound with CodeineNo.4. 
That's because it delivers a full 

grain of codeine. (In the preferred 
phosphate form.) 


' There are other good reasons to make 
No. 4 the oral sequel to injectable 
analgesia in your patients. Major 
among them is the low addiction 
liability of codeine. 


There are other bonuses: ll pre- 
scribing convenience. Up to 5 refills 
in 6 months at your discretion (unless 
restricted by state law). Telephone 
prescribing in most states. 
EmpirinCompound with Codeine No.4. 
The codeine transition from—and to— 
injectable analgesia. 
Mi. i *' And the transition from hospital to 
227" A home: Empirin Compound with 
^ ©). Codeine No. 3, containing 32.4 mg 
PM (15 gr) codeine phosphate? 


dx Burroughs Wellcome Co. 
Research Triangle Park 


Q h 111 349/4203] from injectable 
il 





Wellcome / North Carolina 27709 


EMPIRIN 
COMPOUND 


C COOERS 


codeine phosphate* (64.8 mg) gr 1 


Each tablet also contains: aspirin gr 3/5, phenacetin 
gr 214, caffeine gr 1⁄2. 


*Warning —may be habit-forming. 
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In Dost-op patients, soft stools can 
help prevent straining. 


strainin 
can be 
dangerous 









help prevent hard, dry stools— 


Surfak 





(dioctyl calcium sulfosuccinate N.F.) Available in 240-mg capsules 


the only one-a-Cay 
sodium-free stool softener ~ 


HOECHST-ROUSSEL 
PHARMACEUTICALS INCORPORATED 


m SOMERVILLE NEW JERSEY 08876 


Ai Hh. Au Mi--IO: ij. june i| iW r 
against topical infection 


Packette 1/32 oz. 

Single-use size for 

degerming small skin 
areas, as in the case of 
ihbilical Gord care and 


circumcision. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 


Broad-spectrum microbicida| action — 

the same as in BETADINE microbicides 
chosen by NASA for the Skylab mission and 
forthe Apollo 11/12/14 splashdowns — 

is found in BETADINE Ointment. 

E Kills both gram-positive and gram-negative 
bacteria (including antibiotic-resistant Strains), 
fungi, viruses, protozoa and yeasts. 

m Does not block air...site can be bandaged 

... Virtually nonirritating and nonstinging...does 
not stain skin and natural fabrics. 


Purdue Frederick 


© COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 157374 A7785 


Packette 1/8 oz. 
Single-use size for 
degerming small skin 
areas, as inthe case 
of hyperalimentation 
and catheter care. 


Tube 1 oz. 

Multiple-use size for treating 
common skin infections... 
preventing infection in 
lacerations, abrasions and 
burns. 


Jar 1 Ib. (also available 

5 Ib. jar) 

Heavy-use size for treating 
infected stasis ulcers... burns 
... extensive skin areas... or 
for prolonged treatment. 
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of skin,wounds, burns 


BETADINE® Ointment provides 
prompt, prolonged broad-spectrum 
microbicidal activity against organ- 
isms commonly encountered in skin 
and wound infections. Itis not greasy 
or sticky, and is virtually nonirritating 
to skin and mucosa. It does not stain 
skin and natural fabrics, does not 
block air, and the site of application 
may be bandaged. 


BETADINE Ointment Packette l4? OZ. 
and /5 oz., disposable packettes for de- 
germing small skin areas, as in hyper- 
alimentation, catheter care, umbilical 
area care or circumcision. 


BETADINE Ointment 1 oz. tube, for 
treating common skin infections and to 
help prevent infection in abrasions, 

“« lacerations and burns. 


BETADINE Ointment 1 Ib. and 5 Ib. jar, for 
anti-infective treatment of the burn wound 
or infected stasis ulcers...for extensive 

skin areas...or for prolonged application. 
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Foremost documented 
broad-spectrum topical 
microbicidal action 
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may be implicated 

in a number of clinical situations, 

including... 

e septic abortions 

e deep wounds 

e bacteremia 

e metastatic or other abscesses in association 
with thromboembolic phenomena 
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Sensitivity testing is always Under normal conditions, bacte- 

recommended prior to instituting roides are benign. But in infectious 

therapy with Chloromycetin situations they can be extremely 

(chloramphenicol). However, in virulent. 

some situations, it may be neces- | Fortunately, most bacteroides 

sary to administer Chloromycetin infections are susceptible to 

before sensitivity tests have been Chloromycetin (chlorampheni- 

completed. col) therapy. Yet, all too often their drugs are ineffective or 
presence goes undetected. So contraindicated. 

Bacteroides are the most prevalent today, many authorities recommend But when bacteroides are 

microbial flora of man. They are early—and vigorous—treatment cated, Chloromycetin (chlo 

anaerobic, aero-intolerant, non- with Chloromycetin when the phenicol) therapy may well 

sporeforming, nonmotile, gram- clinical impression suggests thata conservative course. For, i 

negative bacilli. They most often Bacteroides infection is present. situations, the benefits-to- 


appear in mixed infections, and are Chloromycetin must be used only with Chloromycetinis very f 
highly opportunistic. Further, they — inthose serious infections for See next page for full presc 
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often an indication for 


CHLOROMYGETIN 


(chloramphenicol) Sodium Succina 





Prescribing information—Chloromycetin 
(chloramphenicol) Sodium Succinate 
For intravenous administration 


WARNING 

Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. In addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 
agents will be effective, as described in the 
Indications section. /t must not be used in the 
treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chloramphenicol is readily absorbed 
and adequate blood levels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 
dium succinate should be changed to the oral form 
as soon as practicable. 


DESCRIPTION 


Chloramphenicol is an antibiotic that is clinically use- 
ful for, and should be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml of a 10% solution) of chloram- 
phenicol sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium. 


ACTIONS AND PHARMACOLOGY 


In vitro chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. |t is particularly active against Salmonella 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 
Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/ml 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 6896 to a 
high of 9996 over a three-day period. From 8% to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred mcg/ml 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. However, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 


in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 
1. Acute infections caused by S typhi* 

It is not recommended for the routine treatment of 

the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 

accordance with the concepts expressed above. 

a) Salmonella species 

b) H influenzae, specifically meningeal infections 

c) Rickettsia 

d) Lymphogranuloma-psittacosis aroup 

e) Various gram-negative bacteria causing bacte- 
remia, meningitis, or other serious gram-negative infec- 
tions 

f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


*In the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. It must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration. should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
be carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fata! blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

In a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosaae levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. If 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 

Féver, macular and vesicular rashes, angioedema, 
urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. “Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 


a) In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 
(1) abdominal distension with or without emesis; 
(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasible, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

Intravenously as a 10% (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
such as water for injection or 596 dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. In exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.) Precise con- 
trol of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 

Children 

Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood levels in the range effec- 
tive against most susceptible organisms. Severe infec- 
tions (eg, bacteremia or meningitis), especially when 
adequate cerebrospinal fluid concentrations are desired, 
may require dosage up to 100 mg/kg/day; however, it is 
recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under Adverse 
Reactlons.) 

A total of 25 mg/kg/day in four equal doses at six- 
hour intervals usually produces and maintains concen- 
trations in blood and tissues adequate to control most 
infections for which the drug is indicated. Increased 
dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of life, full-term infants ordinarily 
may receive up to a total of 50 mg/kg/day equally di- 
vided into four doses at six-hour intervals. These dosage 
recommendations are extremely important because 
blood concentration in all premature infants and full- 
term infants under two weeks of age differs from that 
of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and 
the kidneys. 

When these functions are immature (or seriously im- 
paired in adults), high concentrations of the drug are 
found which tend to increase with succeeding doses. 


Infants and Children with Immature Metabolic Proc- 
esses 

In young infants and other children in whom imma- 
ture metabolic functions are suspected, a dose of 25 
mg/kg/day will usually produce therapeutic concen- 
trations of the drug in the blood. In this group par- 
ticularly, the concentration of the drug in the blood 
should be carefully followed by microtechniques. (In- 
formation available on request.) 


HOW SUPPLIED 
NDC 0071-1089-10 (Steri-Vial& No. 57) 
Chloromycetin (chloramphenicol) Sodium Succinate 
is supplied as a dried powder in Steri-Vials (rubber- 
diaphragm-capped vials). When reconstituted as di- 
rected, each vial contains a sterile solution equiva- 
lent to 100 mg of chloramphenicol per millifiter 
(1 g/10 ml). Available in packages of 10 vials. 
CHLOROMYCETIN, brand of chloramphenicol. Reg 
US Pat Off RJ 
PD-JA-1280-2-P (2-75) . 


PARKE, DAVIS & COMPANY, Detroit, Michigan 48232 
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DON'T PANIC. 


Call Olympus 
Service. 


It's important to consider service when you make 
your choice of fiberscopes. There's an Olympus service 
lab near you in New York, Chicago, Los Angeles, Houston 
and Jacksonville. Write for information or a demonstration 
of an Olympus fiberscope for your specialty. 
Olympus Corporation of America, Medical Instrument 
Division, 2 Nevada Drive, New Hyde Park, New York 11040. 


OLYMPUS ; 
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CONTROL 


Needle Sutures 


Assured controlled release of needle from suture 
is In your hands with CONTROL RELEASE needle sutures. 
Needle releases from suture with a gentle tug. 


NO SCISSORS NEEDED. 
NO CHANGE FROM EYED NEEDLE TECHNIC. 


Sharp new ribbed Super-Smooth swaged needle eliminates 
the trauma associated with the use of eyed needles. 


Widest variety of needles and suture materials: 
PROLENE* polypropylene suture, 

VICRYL* (polyglactin 910) suture, 

NUROLON* black braided nylon suture, 
PERMA HAND* silk suture, 

ETHICON* surgical cotton, 

ETHIBOND* polyester suture. 


Its not CONTROL RELEASE if i$ not fom 
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An initial loading dose of 1to 2 Gm. 
of Keflin may be given regardless 
of the patient's renal status. 

Patients with impaired renal 
function should be placed on 
a reduced dosage schedule 
Usual doses in such 
individuals may result 

in excessive serum 
concentrations. 










*Skin and soft-tissue infections, including 


peritonitis, caused by susceptible strains of 


staphylococci (both penicillinase and 
nonpenicillinase-producing). group A 


beta-hemolytic streptococci, Escherichia 


coli. Proteus mirabilis, and Klebsiella. 





























In the immunosuppressed patient, 
usual clinical signs and symptoms 
of infection may be missing or 

not clear. Hence, diagnosis and 
initiation of proper therapy 
become most urgent. 


Keflin may be administered 

I V or I.P. in dosages as 

high as 12 Gm. per day 
(in life-threatening 


F P infections). 
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Please see opposite page for 
summary of prescribing information. 


t Administered to six patients by rapid I. V. infusion 
t Administered to ten patients over a thirty-minute period. 


IN serious skin and soft-tissue infections * 


* OFTEN USEFUL 


AS you know. skin and soft-tissue infections * including 
peritonitis, may progress with alarming rapidity in patients 
with impaired host defenses. even to the point of becoming 
irreversible. Keflin can often be useful before the infection 
Decomes irreversible exactly when it is most needed 

Eleven years after its introduction. Keflin continues to be 
effective against most strains of gram-positive and gram- 
negative organisms commonly implicated in serious skin 
and soft-tissue infections* Therefore. when you suspect that 
the pathogen involved is one of the susceptible organisms 
for which the drug is indicated in skin and soft-tissue 
infections * you may begin therapy with Keflin even while 
results of susceptibility studies are pending...and thus save 
precious hours for the patient. Keflin may be administered 
to infants and to patients with reduced renal function 

Keflin should be given cautiously to penicillin-sensitive 
patients 

It is contraindicated in persons who have shown hyper- 
sensitivity to cephalosporin antibiotics. 


* Skin and soft-tissue infections including peritonitis, caused by Susceptible strains 


of staphylococci (both penicillinase and nonpenicilinase-producing). group A 
beta-hemolytic streptococci. Esch coli. Pr. mirabilis. and Klebsiella 
2Gm.t 


Kefi l 
in in 100-ml. ampoule 


cephalothin sodium 
Neutral 


for Injection 


t Equivalent to cephalothin 


® 
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WHEN MOST NEEDED 


Brief Summary. 
Consult the package literature for 
prescribing information. 
Indications: Keflin* (cephalothin sodium 
Lilly). Neutral. for Injection, is indicated for the 
treatment of serious infections cai ised by 
susceptible strains of the designated micro 
organisms in the diseases listed below 
Skin and soft-tissue infections. incli iding 
peritonitis, caused by staphylococci (peni 
cillnase and nonpenicillinase- prod ICING 
group A beta-hemolytic Streptococci 
Escherichia coli. Proteus mirabilis. and 
Klebsiella 
Bone and joint infections caused Dy 
staphylococci (penicillinase and 
nonpenicillnase-producing) 
Contraindication: Previous hypersensitivity 
to cephalosporins 
Warnings: BEFORE CEPHALOTHIN 
THERAPY IS INSTITUTED CAREFUL 
INQUIRY SHOULD BE MADE CONCERN 
ING PREVIOUS HYPERSENSIT IVITY 
REACTIONS TO CEPHAI OSPORINS AND 
PENICILLIN CEPHALOSPORIN C 
DERIVATIVES SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN SENSITIVE 
PATIENTS 
SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE E PINEPHRINE 
AND OTHER EMERGENCY MEASURES 
There is some evidence of partial cross 
allergenicity of the penicillins and the 
cephalosporins. Severe anaphylactoid 
reactions Nave been reported with both drugs 
Patients with allergy and hypersensitivity 
should receive antibiotics iuttously and 
only when necessary 
Usage in Pregnancy —S ifety for use during 
pregnancy has not been established 
Precautions: Patients should be followed 
carefully to detect any side-effects or drug 
idiosyncrasy If an allergic reaction occurs 
discontinue the dr ug and treat the patient with 
usual agents 
Although alteration in kidney function is 
rare, evaluation of renal status is recom 
mended Patients with impairec renal func 
tion should be placed on a reduced dosage 
schedule to prevent excessive serum con 
centrations. Consult presc riding information 
If thrombophlebitis or superinfection 
occurs, take appropriate measures A false 
positive reaction for glucose in the urine has 
been observed with some tests but ní t with 
Tes-Tape" (urine Sugar analysis paper. Lilly 
Adverse Reactions: Maculopapular rash 
urticaria, pain, induration. tenderness eleva 
tion of temperature. reactions resembling 
serum sickness, anaphylaxis e )sinophilia 
drug fever, neutropenia. thrombocyte penia 
hemolytic anemia, thrombophlebitis transient 
rise in SGOT and alkaline phosphatase. rise 
in BUN. decreased creatinine clearance and 
a positive direct Coombs test have been 
reported n 


Additional information available to the 


Drolession on request 
4 


Eli Lilly and Company 
Indianapolis, Indiana 46206 


Viokase® costs your patients less than other pancreatic preparations 


4x N.F. Protease 
6x N.F. Amylase 

10 x N.F. Lipase 
(whole pancreas) 
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inthe management of exocrine pancreatic deficiencies 


The effectiveness of Viokase is con- 
firmed by over twenty-five years of 
clinical experience...and it still 
costs your patients less than other 
pancreatic preparations. Current lit- 
erature’? documents the use of Vio- 
kase as a digestive aid in cystic fi- 
brosis and in exocrine pancreatic 
deficiencies usually due to chronic 
pancreatitis, pancreatectomy Or 
obstruction in the pancreas caused 
by malignant growth. 


1. Kafka, E. and Klaser, H.: "Pancreatic Dis- 


ease", Postgraduate Medicine, 5T: 140-145, 


1975. 
2. Long, W.B. and Weiss, J.B.: Gastroen- 
terology, 67:920-925, 1974. 


VIOKASE® 
(pancreatin) 


Description: VIOKASE is a pan- 
creatic enzyme concentrate of por- 
cine origin containing standardized 
amylase, protease and lipase ac- 
tivities plus esterases, peptidases, 
nucleases and elastase. 


The enzyme potency of the tablets 
and powder are: 
Each325 mg. Each 0.75 gram 


Tablet ('/ teaspoonful) 
Lipase, N.F. Units 6.500 15.000 
Protease, N.F. Units 32.000 75.000 
Amylase, N.F. Units 48.000 112.500 


Under conditions of the N.F. test 
method (in vitro) VIOKASE has the 
following total digestive capacity: 


Each 325 mg. Each 0.75 g. 

Tablet Powder 
Dietary Fat 23 53 grams 
Dietary Protein 32 75 grams 
Dietary Starch 48 112 grams 


VIOKASE Tablets are not enteric 
coated. 


Indications: As a digestive aid in 
cystic fibrosis and in exocrine pan- 
creatic deficiencies usually due to 
chronic pancreatitis, pancreatec- 
tomy or obstruction in the pancreas 
caused by malignant growth. 


Administration and Dosage: 
Powder: Dosage to patients with 
cystic fibrosis: V8 teaspoon (0.75 
grams) with meals. 


ED 


VIOBIN CORPORATION 
Monticello, IL 61856 


Tablets: Dosage to patients with cys- 
tic fibrosis or chronic pancreatitis 
—1 to 3 tablets with meals. For aid- 
ing digestion in patients with pan- 
createctomy or gastrectomy—1 to 2 
tablets taken at 2-hour intervals, or 
as directed by physician. 


Caution: Federal law prohibits dis- 
pensing without orescription. 


Warnings: Avoid inhalation of 
powder. 


Precautions: Use with caution in 
patients known to be allergic to pork 
protein. 


How Supplied: 

Powder: Bottles of 4 ounces and 8 
ounces 

Tablets: Bottles of 100 and 500 


Literature Available: Complete lit- 
erature available upon request in- 
cluding information on BEEF VIO- 
KASE DERIVED FROM BEEF PAN- 
CREAS FOR THOSE EXCEPTIONAL 
PATIENTS ALLERGIC TO PORK 


A Subsidiary of A.H. Robins Company 





. leave the hospital- 
carrying resistant staph. 
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*Ross, S. et al.: JAMA 229: I075 (Aug. 19) 1974. 


BRIEF SUMMARY OF PRESCR!BING INFORMA- 
TION (9) 7/29/71. For complete information, 
consult Official Package Circular 

Indications: The principal indication for sodium 
oxacillin is in the treatment of infections known t« 
be due to penicillinase-producing staphylococc 
which have been shown to be sensitive to it 

Bacteriologic studies to determine the causative 
organisms and their sensitivity to sodium oxacillir 
should be performed 

If antibiotic therapy is considered necessary in 
potentially serious infections while awaiting reports 
of cultures and sensitivity studies sodium oxa- 
cillin may be used to initiate therapy in such 
patients in whom a penicillinase-producing staphy- 
lococcus is suspected (see Important Note below) 

In serious, life-threatening infections, oral prep- 
arations of he penicillinase-resistant penicillin: 
should not be relied on for initial therapy 

Important Note When it is judged necessary that 
treatment be initiated before definitive culture and 
sensitivity results are known, the choice of sodiun 
oxacillin should take into consideration the fact 
that it has been shown to be effective only in the 
treatment of infections caused Dy pneumococci 
Group A beta-hemolytic streptococci and per 
G-resistant and penicillin G-sensitive staphylo- 
cocci. If the bacteriology report later indicates t! 
infection is due tO an Organism other than a peni- 
cillin G-resistant staphylococcus sens tive to 
sodium oxacillin, the physician is advised to con- 
tinue therapy with z drug other than sodium oxa- 
cillin or any other penicillinase-resistant semi 
synthetic penicillin. 

Methicillin is a compound that acts through a 
mechanism similar to that of sodium oxacillin 
against penicillin G-resistant staphylococci 
Strains of staphylococci resista 








[ c to methicillin 
have existed ir nature and it is known that the 
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number of these Strains reported has been increa 
ng. Such Strains of staphylococci have been 
capable of producing serious disease i me 
nstances resulting in fatality. Because f this, 
here IS Concern that widespread use of the peni 
:Minase-resistant penicillins may result in the 
appearance of an increasing number of taphylo 
Coccai strains which are resistant to the e peni 


cillins, 
Methicillin-resistant strains are almost always 


resistant to all other penicillinase-resistant pen 


cillins (cross resistar e with cephalosporin deriv 
TIVE also í irs freq ently) mt star iny 
penicillinase-re: t penicillir Í a te 
preted as evidence of inica stance 1 
Spite jf the Tact tnat Nor va if Í Vitro 
sitivity may De encountered wher tna € 
penicillinase-res stant penicillin is tested aaainst 
(he same strain of staphylococcus 


testing 


1 
Houtine methods of antibiotic sensitivity 
f sistant to 


may fail to detect strains of organisms re 


th 


e penicillinase-resistant penicillins. For this rea 
son, the use of large nocula and 48-hour incuba 
tion periods may be needed to obtair accurate 
sensitivity studies with these antibiot 
Contraindications: A history of illergic reactior 
penicillins 
Warning: Serious and occasionally fate 
pnylaxis have been reported in patients or either 
oral or parenteral penicillin therapy Check for a 
history of allergy to penicillins. ephalosporins or 


other allergens. If an allergic or anaphylacti rea 


ton occurs, discontinue the drug and nstitute 
appropriate treatment 





Usage in Pregnancy: Satety for use in pregnan y 
> not establist 
Precautions: Because of limited experience e 
itiously and evaluate organ system function fre 
quently in prematures and neonates. Mycotic or 





Every day, healthy people 


A.H.F. 
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bacterial perinfect y 
4 tent dr 7, VSI g £ [T 
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Adverse Reactions: Skin [ 
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Group A beta-hemolytic strept 
uld be treated for 10 days. í ] 
40 Ka. or more shou 1 receive the ad 
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Total 
Parenteral Nutrition 





Total or Supplemental 
Parenteral Nutrition 


Whenever IV nutritional support is indicated, 
total or supplemental, short-term or long-term, 


MVI. 


(Multi-Vitamin Infusion) 


Each 10 cc. ampul* or 5 cc. Concentrate vial ** 
provides: 


Ascorbic acid (C)................. eers rtereeereeeeee 500 mg. 
Vitamin A*................. erre 10,000 I.U. 
Vitamin D * (ergocalciferol) ......................- 1,0001.U. 
Thiamine HCI (B1) ............... m 50 mg. 
Riboflavin (B2)** .............. n m 10 mg. 
Pyridoxine HCI (Be) ............ erenn 15 mg. 
Niacinamide .................... nmm] 100 mg. 
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Selectivity inthe Management of Hepatic Trauma 


LEWIS M. FLINT, M.D., E. TRUMAN MAYS, M.D., W. STEPHEN AARON, M.D., 


I 
i 


Retrospective review of 178 consecutive patients who sustained 
hepatic injuries confirms that selective application of hepatic 
artery ligation is an efficient means of definitive hemostasis. 
Only two of 20 immediate deaths resulted from hepatic par- 
enchymal hemorrhage. Over-all mortality (20%) was not sig- 
nificantly increased where hepatic artery ligation was used. 
Sepsis was the most frequent complication after severe hepatic 
trauma, 


ESPITE THE RELATIVE protection from external 
D injury offered by the rib cage, the liver is fre- 
quently injured. Furthermore, the structure and consist- 
ency of liver tissue is unsuitable for spontaneous 
hemostasis following parenchymal disruption. The 
physiologic impact of loss of a major portion of hepatic 
tissue is significant, but hepatic dysfunction commonly 
follows operation for liver injury regardless of whether 
hepatic resection is performed. 

Although the mortality rate from liver trauma has 
declined steadily since the review by Madding, 
Lawrence, and Kennedy” following World War II, 
liver injuries continue to present vexing problems of 
intraoperative hemostasis and postoperative complica- 
tions. Recent series cite mortality rates from 13 to 
1596.*9$ Mortality for acutely bleeding lesions neces- 
sitating hepatic lobectomy ranges from 40 to 6096. 
Reports by Trunkey and associates!? and by Lucas and 
Ledgerwood!! emphasize the importance of shock and 
parenchymal hemorrhage as causes of death in the 
patient with liver injuries. Post-operative complica- 
tions in survivors are similarly challenging, with infec- 
tion and sepsis-related organ failure being frequent and 
lethal. 

The operative management of hepatic trauma has 
varied with the agent causing injury and with the sur- 
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geon's assessment of the extent of injury. Combina- 
tions of drainage and direct hemostasis have been used 
for most mild to moderate injuries. Bursting injuries 
with extensive destruction of parenchyma and massive 
hemorrhage. often have required formal hepatic 
lobectomy. Mortality following hepatic lobectomy for 
trauma remains high. The search for an alternative 
means of hemostasis in such extensive injuries has been 
hampered by several factors. The actual extent of par- 
enchymal destruction may be obscure in some injuries. 
Sandblom?! documented delayed biliary tract hemor- 
rhage (hemobilia) following destruction of hepatic tissue 
and formation of an intraparenchymal cavity and em- 
phasized the relatively benign appearance of the outer 
surface of the liver at initial laparotomy.® Vari- 
ability in the frequency of associated injuries and the 
incidence of postoperative complications, such as late 
bleeding and infection, have led to uncertainty con- 
cerning the relationship of management techniques to 
postoperative course. Moreover, co-existing extra- 
hepatic injuries place an added burden on patient and 
surgeon. Mortality escalates when formal hepatic 
lobectomy accompanies other major organ system in- 
juries requiring extensive operation. 

Interest in selective hepatic dearterialization as a 
means of initial hemostasis began to evolve with the 
suggestion by Madding in 1954 that this modality might 
be useful. Subsequent experience has confirmed the 
utility of hepatic artery ligation before elective he- 
patic operation." Extensive studies have documented the 
prevailing anatomic pattern of the hepatic vasculature 
and potential collateral channels.* Clinical experience 


TABLE 1. Grades of Injury 





I Capsular tears 1 

II Non-bleeding («5 cm) 
Through and through missile tracts (non-bleeding) 

IH Small actively bleeding lacerations ; 
Bleeding missile tracts 
Subsegmental tissue destruction (non-bleeding) 

IV Large fractures 
Lobar tissue destruction . 

V . Extensive parenchymal disruption with hepatic arterial or 
venous injury 


and angiography have demonstrated that reperfusion 
of ischemic segments of liver rapidly follows selective 
hepatic artery ligation.! The relatively benign post- 
operative course in most patients who have hepatic 
artery ligation has led to. its further examination as a 
means for controlling blood loss from the liver and 
preventing early death from hemorrhage. 

Because of the need for clarification concerning tie 
use of various modalities in the management of liver 
trauma, we undertook a retrospective review of 178 
consecutive patients with major liver injuries to allcw 
more precise definition of clinical circumstances in 
which available methods might be used singly or in 
combination to improve the outcome. 


Materials and Methods 


All patients with hepatic trauma seen between 
January 1, 1973 and January 1, 1976 were reviewed. 
Among the 130 male and 48 female patients who sts- 
tained liver injury and underwent exploratory laparct- 
omy for repair, the median age was 29 vears with. a 
range of 6 to 81 years. 

Our approach to patients with major abdominal in- 
juries has become standardized. Resuscitation of 
hemorrhagic shock is begun with electrolyte. solutioas 
and continued with whole blood. Diagnosis of intra- 
abdominal injury is made on the basis of history, the 
mode of injury, and careful physical examinatioa. 
Patients sustaining penetrating injuries in the lowr 
chest and abdomen undergo exploratory laparotomy. 
Patients suspected of having intra-abdominal injury as 
a result of blunt trauma frequently undergo peritoneal 
lavage for early confirmation of significant intra- 
peritoneal bleeding. 

The patient undergoing laparotomy for hepatic 
trauma is prepared for a midline incision with ampie 


TABLE 2. Hepatic Trauma Mode of Injury 


Grade Stab GS.W. Blunt Toal 
I 10 4 9 3 
II 14 44 10 6s 
IH 4 23 17 4. 
IV 0 11 21 3 
V 0 6 4 je 
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skin preparation and draping to allow for extention of 
the incision as a median sternotomy. Preoperative 
antibiotics are used. Upon entering the abdomen, the 
hematoma and free blood are rapidly evacuated and 
bleeding is controlled from the hepatic parenchyma 
by gentle compression of liver tissue and application of 
moist packs. Once initial hemorrhage is controlled, 
the injury is inspected and the nature of the hemor- 
rhage (arterial, venous, or a combination) is as- 
certained. Compression ànd packing is once again ap- 
plied, and, if this maneuver is successful in control- 
ling hemorrhage, attention is turned to other injuries. 
Resuscitation and replacement of blood loss is con- 
tinued throughout the procedure. Liberal use of plate- 
lets and fresh frozen plasma largely prevents coagulop- 
athy. Once an adequate examination for associated in- 
juries has been conducted and the obvious sources of 
bleeding controlled, the hepatic wound is re-inspected. 
If continued arterial bleeding is encountered, the porta 


: hepatis is occluded with an atraumatic vascular clamp 


(Pringle maneuver). Should this maneuver control the 
hemorrhage, direct ligature of the bleeding point within 
the hepatic substance is attempted. If direct ligature of 
bleeding points is not feasible, the arterial trunk to the 
bleeding segment of liver is exposed and individually 
clamped. Subsequently, the arterial trunk to the bleed- 
ing segment is doubly ligated with arterial suture. In 
most instances, parenchymal hemorrhage is controlled 
in this manner. Devitalized hepatic tissue is debrided. 
If hemorrhage continues unabated despite packing or 
after compression of the porta hepatis, hepatic venous 
injury is strongly suspected, which indicates the need 
for extention of the laparotomy incision to a median 
sternotomy for exposure of the retrohepatic vena cava 
and control of the bleeding sites. The intracaval 
shunt described by Schrock and colleagues?’ is used to 
obtain a more complete ‘vascular isolation than that 
obtained by compression of the porta hepatis alone. 
Although systemic hypothermia is avoided, local hypo- 
thermia using iced saline lavage may be useful during 
hypotensive epidodes to!protect liver and kidneys.? 

A system for grading injury was designed to assess 
the severity of hepatic iparenchymal damage. Five 
grades were defined according to the extent of damage 
and the amount of blood'loss resulting from the liver 
wound (Table 1): Grade I injuries included capsular 
tears not associated with obvious intra-parenchymal 
hematoma. Grade II injuries consisted of small (less 
than 5 cm) shallow, non-bleeding lacerations and non- 
bleeding through and through missile wounds. Grade 
III injuries were small lacerations associated with 
moderate blood loss or sublobar fractures of the liver 
not associated with massive blood loss. Grade IV 
included major fractures of hepatic parenchyma 
involving one or both lobes and associated with 
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massive blood loss. Patients sustaining hepatic arterial 
or venous injuries in addition to extensive parenchymal 
destruction were included in Grade V. 

When statistical comparisons were appropriate, the 
chi square method for independent proportions was 


employed. 


Results 


Table 2 lists modes of injury for each patient group. 
Gun shot wounds were prevalent in Grades II through 
V. Blunt trauma was found more commonly in Grades 
III and V. The frequency with which patients presented 
in shock (systolic blood pressure of less than 80 mm Hg 
on admission) increased with grade of injury (Fig. 1). 
Shock was present in 21 of the 32 patients in Grade IV 
and in 9 of 10 patients in Grade V. 

Associated injuries were common, with contiguous 
structures such as the pleural space, duodenum and 
pancreas most frequently involved. 

Thirty-six patients died, establishing an over-all mor- 
tality rate of 2076. Mortality was closely related to se- 
verity of hepatic injury. Causes of death are listed in 
Table 3. Exsanguination from liver parenchyma was 
encountered in only two patients. Intraoperative hem- 
orrhage from hepatic venous injuries accounted for 6 
deaths. Bleeding from extrahepatic sites and sepsis 
were the most common causes of death. 

Septic complications and deaths also became more 
frequent as grade of injury increased. Table 4 relates the 
mortality for each injury grade to the incidence of death 
attributable to infection in each grade. Particularly 
striking is the frequency of septic deaths among 
patients with Grade IV injuries where 8 of 11 deaths 
resulted from infection. Over-all infection rates, 
likewise correlated with the severity of injury. In 
patients with the most severe hepatic parenchymal in- 
juries (Grades III and IV), infection rates were 36 and 
4196, respectively. Of the 29 patients with infections in 
Grades III and IV, 21 developed perihepatic sepsis. 

Hepatic wounds were managed by drainage, suture, 
resectional debridement, selective hepatic artery liga- 
tion (SHAL), and formal lobectomy, or combinations 
thereof (Table 5). As injury grade increased, SHAL was 
employed more frequently (Fig. 2.). Hepatic artery in- 
terruption was successful in controlling arterial bleed- 
ing from the hepatic parenchyma inall patients in whom 
it was employed. The operative records of 59 patients 
undergoing hepatic artery ligation disclose that in 82% 
the decision to employ SHAL followed the failure of 
conventional modalities to control arterial bleeding. 

Hepatic artery interruption and subsequent hepatic 
parenchymal ischemia are potentially dangerous. The 
effects of SHAL on mortality and development of peri- 
hepatic sepsis were analyzed in the 59 patients 
who underwent SHAL. Mortality among these patients 
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Fic, 1. The incidence of shock increased with the severi-y of injury. 


IV 


was 3196, compared to an over-all mortality for all 
other treatment modalities of 2295 (P > .01 N.S.). 
Similarly, the incidence of perihepatic sepsis following 
hepatic artery interruption was not significantly in- 
creased when compared to other modalities (P 0.1 
N.S.). 

Rebleeding after successful initia] hemostasis was 
observed in three patients. In one patient with a bilobar 
wound, the left lobar ramus was ligated and late 
bleeding occurred from the right lobe. All episodes 
of late bleeding responded to SHAL, and no delayed 
resections were necessary. The only patient who de- 
veloped lobar hepatic necrosis underwent treatment 
of a severe hepatic fracture by large interlocking mat- 
tress sutures. 

The serum biochemical disorders which regularly fol- 
low hepatic injury, hepatic resection, and hepatic ar- 


TABLE 3. Causes of Death 


Exsanguination from liver parenchyma 
Exsanguination from hepatic veins 
Exsanguination from extrahepatic sites 
Sepsis and related complications 

Head injury 

Ruptured aneurysm 

Unknown 

Hepatic failure 
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TABLE 4. Mortality After Hepatic Trauma 


Grade Total Deaths Septic Deaths 
I 24 . 2 l 
II 68 11 2. 
HI 44 5 3 
IV 32 11 8 
V 10 7 0 

TABLE 5, Hepatic Trauma 

I 8 0 
II 10 2/8 | (2593) 
III 36 10/16 (63%) 
IV 4] 11/13 (86%) 
V 10 1/1 (100%) 


tery ligation have been reviewed in detail.* Of spe- 


cial interest was the finding in our patients of per- - 


sistent hyperbilirubinemia (total bilirubin in excess of 
3 mg% for more than five days) in septic patients. 


Thirteen of 19 patients with perihepatic sepsis were. 


jaundiced while only three of 130 long-term, non-s=ptic 
survivors were similarly affected. 


Discussion 

The data herein indicate that a selective approach to 
hepatic injury is desirable. The principles under ying 
successful management of patients with severe he»atic 
trauma include acquisition of early complete hemo- 
stasis, the debridement of devitalized tissue, and ade- 
quate provision for drainage of blood and bile from peri- 
hepatic spaces. 

Previous studies have documented that intra- 
operative exsanguination from hepatic parenchymal in- 
jury is a frequent cause of death following hepatic 
trauma even when hepatic venous injury is excluded; 
Trunkey and his colleagues?? observed that the cause of 
death in 26 of 34 patients dying of their liver injuries 
was hemorrhage. Similarly, Lim and associates? 
ascribed 38 of 71 immediate deaths from liver trauma 
to hemorrhage. We recorded 20 immediate deaths only 
two of which resulted from hepatic parenchymal Fem- 
orrhage. Selective application of hepatic artery imter- 

“ruption effectively controlled intraoperative kem- 
orrhage. If arterial hemorrhage recurred after iritial 
packing and compression of the injury, atraumatic oc- 
clusion of the structures in the porta hepatis resulted 
in cessation of hemorrhage in all cases. The subsequent 
identification and accurate interruption of an apprcpri- 
ate branch of the hepatic artery resulted in hemostzsis, 
effectively prevented early death from hemorrhage, 
and decreased the need for hepatic lobectomy. SEAL 
was frequently used after other means had failed 
and yet mortality for these patients was not sig- 
nificantly increased when compared to similarly in- 
jured patients. Although anatomic lobectomy was sel- 
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dom needed, limited debridement of devitalized liver 
tissue was indicated where peripheral tissue destruc- 
tion had completely disrupted blood supply. 

Hepatic dearterialization may be contraindicated 
when severe pre-existing liver disease is discovered. 
The cirrhotic liver may depend on increased arterial 
flow. Thus, interruption should be employed cautiously 
in patients with injured cirrhotic livers. The autogenous 
omental pack described by Stone and Lamb? may be 
of value in such instances. Furthermore, the decision 
to use SHAL is best made as soon as persistent arterial 


bleeding from liver tissue is evident. Extensive dis- 
section of the supporting attachments of the liver inter- 


rupts potential collateral channels and must be avoided 


if SHAL is to be used. If such dissection is nec- 
essary, safe use of hepatic artery ligation is precluded.? 

We have not employed second-look operations as 
such following hepaticjartery interruption. On several 
occasions patients have undergone re-operation for 
other reasons during the initial 48 to 72 hours following 
hepatic artery ligation. The persistence of a dusky 
cyanosis of the hepatic tissue is noticeable in these 
cases. However, none'of these patients have had he- 
patic resection, and thejsingle patient in this series who 
developed lobar hepatic necrosis did so as a result of 
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Fic. 2. Selective hepatic artery ligation was employed more fre- 
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TABLE 6. Management of Hepatic Wounds 


Drainage only 84 
Suture 16 
S.H.A.L. 59 
Debridement l 8 
Lobectomy 3 


extensive suturing and did not have hepatic artery 
ligation. | 

Early reperfusion of hepatic tissue via arterial col- 
laterals has been repeatedly demonstrated following 
SHAL. Lewis and colleagues? angiographically visual- 
ized open collaterals four hours after hepatic artery 
ligation. This finding implies that early rebleeding from 
injured tissue is a potential hazard. We have observed 
no instances of postoperative arterial rebleeding where 
SHAL was used as outlined above. 

Olcay and colleagues! have observed impaired 
clearance of blood-borne endotoxin following hepatic 
ischemia in baboons. Similarly, Saba! postulated that 
clearance of microorganisms might be impaired with 
hepatic ischemia. We could not confirm a significant 
increase in infection rate or frequency of perihepatic 
sepsis following hepatic dearterialization. 

Significant disorders of serum enzyme levels follow 
hepatic artery interruption. The lactic dehydrogenase 
and serum glutamic oxaloacetic transaminase levels 
reach values more than four to six times normal dur- 
ing the initial 72 hours after hepatic arterial inter- 
ruption. These abnormalities rapidly revert to normal. 
Hyperbilirubinemia is not seen regularly following he- 
patic arterial interruption. In our patients, persistence 
of hyperbilirubinemia often was associated with devel- 
opment of perihepatic sepsis. 

The elements of successful postoperative care fol- 
lowing operation for hepatic trauma include assurance 
of adequate hepatic nutrient flow through maintenance 
of blood volume and vigorous support of oxygenation, 
including the frequent use of adjuvant ventilators. 
Maintenance of normoglycemia is best accomplished 
by infusion of 5% glucose solutions. Glucagon infusion, 
theoretically valuable in maintaining portal flow, was 
not regularly employed. Maintenance of portal venous 
oxygenation through proscription of oral nutrients is 
apparently valuable. Postoperative complications may 
dictate the need for total parenteral nutrition. 


The management of the severe liver injury following 


blunt or penetrating trauma should be consistent 
with the extent of parenchymal destruction and the 


DISCUSSION 


DR. WILLIAM A. NEELY (Jackson, Mississippi): Mortality can be 
correlated with various things, such as distance from the emergency 
room, how quick the patient gets to the operating room. We found in 
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amount of hemorrhage which accompanies the injury. 
Selective hepatic artery ligation is an efficient means 
of gaining hemostasis and avoiding death from hem- 
orrhage when arterial bleeding persists or recurs in 
parenchymal lacerations. Devitalized hepatic tissue 
should be resected and, where possible, direct hemo- 
stasis within the hepatic parenchyma obtained. Pres- 


-ervation of functioning hepatic tissue through avoid- 


ance of formal lobar resection is possible In many 
patients and may ultimately lead to improved prog- 
nosis. 
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our series of some 240-odd cases that, the quicker we took the patient to 
the operating room, the higher the mortality. But only six patients 
were taken immediately to surgery. 

I see that resection has not been employed extensively by the 
presenter. We believe that a mushy, bleeding liver with a large central 


618 


cavity filled with blood and disarrayed, not yet necrotic liver tissue 
must be resected, using the technique described by Dr. Malt—1 
believe, from his Vietnam experience. This can be accomplished 
easily, and with an acceptably low mortality. 


Dr. J. BRADLEY AUST (San Antonio, Texas) We recently 
reviewed and updated our experience with some 400 cases of hepatic 
trauma. From our experience, it was evident that the overwhelming 
majority of hepatic injuries require relatively simple surgical 
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maneuvers, such as suture and drainage, wound packing for | 


hemostasis, with subsequent drainage, or simple drainage alone, to 
manage the problem. Resorting to techniques such as major hepatic 
resection and hepatic artery ligation for control of hemorrhage was 
infrequently required. 

The deaths in our series resulted from inability to control bleeding 
from the liver at the time of operation, or from some other delayed 
cause such as multiple organ injury or associated head injury. 
However, in those patients who did die of exsanguinating hem- 
orrhage, invariably a major hepatic venous injury or retrohepatic 
vena caval injury produced the mortality. 

We were unable to find any case where the patient died of massive 
arterial bleeding alone. We feel that the problem of venous injury to 
the liver remains the major area where our technical abilities are 
lacking at the present time. 

We have reserved hepatic artery ligation for situations where the 


Pringle maneuver has had a major effect on the blood loss, and have ` 


been disappointed, for the most part, that the Pringle maneuver has 
not been an effective way to control the bleeding that we have. 

In the five hepatic artery ligations that were performed, three 
patients developed significant intrahepatic abscess. In the remainder 
of the 400 patients, who did not have hepatic artery ligation, only two 
developed intrahepatic abscess. 

Do the authors feel that there may be an increased potential for 
developing intrahepatic abscesses following hepatic artery ligation? 
We agree that hepatic artery ligation is useful in selected patients in 
which the Pringle maneuver appears to significantly decrease 
bleeding. We also feel the authors have made a significant 
contribution in continuing to define those patients who will best 
benefit from the use of this procedure. 


DR. ANTHONY SHAW (Charlottesville, Virginia): I'd like to present 
a few slides of a child who I had an opportunity to operate on some 
months ago that illustrates one of the points that Dr. Aust made and 
some of the problems we've had with the Pringle maneuver. 

(Slide) This youngster fell in his backyard on his own elbow the day 
before we saw him, came in with mild evidence of shock and a large 
mass in his right abdomen, and a scan showed obliteration of the right 
lobe of the liver, presumably occluded by a hematoma. 

At operation we made a thoracoabdominal incision, and the right 
lobe of his liver was just a big, shimmering blue bubble — subcapsular 
hematoma. There was practically no blood in his peritoneal cavity; so 
we had time to plan for what we were going to do. 

We put a tube in the vena cava up into the right atrium to shunt the 
blood. We also identified the vessels in the porta hepatis, and did a 
Pringle maneuver. We also flushed the hepatic artery with some iced 
saline. And then we opened up this bubble. 

(Slide) This shows what we wound up with. We thought we had our 
bleeding controlled, and we did not, indeed, and we wondered later 
whether we should have performed an arteriogram, celiac axis study, 
prior to doing this, to identify whether or not the hepatic artery blood 
supply was normal, whether there was some collateral, whether there 
was an aberrant right hepatic artery, which I suspect there may have 
been in this child, and may lead to the failure of the Pringle maneuver 
in some cases. 

In any case, some 54 units of blood later, we got this out, and the 
lower part of the slide shows our line of resection as it were. 

(Slide) This shows the undersurface of the liver. The hematoma, of 
course, is gone. One sees that the liver has, indeed, been shattered on 
its underside. 

(Slide) If one looks at the line of resection, one sees this enormous 
cavity, enormous destruction of liver tissue in the right lobe. One 


~~ 
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wonders, with this enormous destruction of liver (and again I make 
the point that Dr. Aust just made) whether if the Pringle maneuver 
and selective right arterial‘ ligation had stopped the bleeding, this 
wouldn't have become necrotic, and whether sepsis would not have 
developed with this as a focus. 


Dr. PHILIP SANDBLOM (Lausanne, Switzerland): I think one of the 
main indications is in central liverruptures, which are just as common 
as the peripheral liver ruptures. They don't generally reveal 
themselves until later on, and then with hemobilia, and they are best 
diagnosed with arteriography. In such a case, when opening the 
abdomen, the surgeon only finds some superficial ruptures of the 
liver, and is apt to think that that’s all there is. With arteriography he 
will often find a central liver rupture which might produce severe 
symptoms later on. 

In the choice between resection and hepatic artery ligation, some of 
the peripheral lesions certainly lend themselves best to resection. In 
central liver rupture hepatic artery ligation might be the only 
treatment possible. Earlier, I showed a case of postoperative central 
hematoma which was treated by hepatic artery ligation. I think that's 
where it has an absolute indication. 

| 

Dr. Oscar P. HAMPTON, JR. (St. Louis, Missouri): I hope that a 
word about prevention of these injuries will be considered germane to 
the paper under discussion. ; 

All evidence points to the ffact that the incidence of liver injuries 


' from blunt trauma, particularly those in highway crashes, can be 


minimized by obeying the 55 mile an hour speed limit and the wearing 
of both of the safety belts, thelap and the shoulder belts, the so-called 
active restraints. The Michigan Highway Safety Research Institute 
just reported on a study of over 5000 highway crashes. The report 
implied that there were no deaths when the two belts were used 
properly and if the speed did not exceed 55 miles an hour, unless the 
passenger compartment were ‘intruded, violated, by something going 
into it. These safety measures;are ways the incidence of blunt trauma 
injuries can be minimized. | 

The morning Paim Beach paper points out that the Secretary of 
Transportation is now putting the pressure on the automobile 
industry to set a firm date for the so-called passive restraints; 
probably the air bag will be the one that will become standard 
equipment within most of your lifetimes. I'm not so sure, within mine. 
And when that happens, you men are not going to have to get out of 
bed at night so often to take care of these severe liver injuries due to 
blunt trauma. 

Dn. Lewis M. FLINT, JR. (Closing discussion): We have only one 
message, I think, and that is to put in some perspective the methods 
that are available to use in the'patient with severe injury. We do not 
urge the abandonment of any of the methods, such as hepatic 
resection, that have obtained such remarkable results as those 
reported by Malt, McClelland; and others. 

The most lethal intraoperative problem that we faced in these 
patients, obviously, was hepatic venous injury, and exsanguination 
therefrom. We agree with Dr. Aust that technique has not yet come to 
a level of elegance that will RE us to successfully deal with these pa- 
tients. 

To answer his specific question about intrahepatic abscesses, there 
were two. One patient had an intrahepatic cavity obscured with 
mattress sutures and this subsequently became infected. The other 
patient resided in the hepatic artery ligation group. 

With regard to Dr. Shaw's experience, we have used hepatic artery 
ligation in appropriate cases in children; this experience was reported 
by Drs. Canty and Mays about a vear ago. We have found that this has 
been helpful to us in some cases, but, as your experience points out, 
certainly not in all. 

We appreciate your reminding us, Professor Sandblom, of the 
problem of central ruptures. | 

And finally, Dr. Hampton, we certainly agree with your 
unassailable points. The prevention of these injuries is most 
important, although I wish I could be certain that we will eventually - 
be able to sleep through each night, since I think the patterns of the 
injury are changing, and not necessarily the incidence. 


| 
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Hypertonic Mannitol in the Therapy of the Acute 
Respiratory Distress Syndrome 


SAMUEL R. POWERS, M.D., JR., DHIRAJ SHAH, M.D., DAVE RYON, M.D., JONATHAN NEWELL, PH.D., 
CHANDLER RALPH, M.E., WILLIAM SCOVILL, M.D., ROBERT DUTTON, M.D. 


Increased pulmonary artery pressure, an increase in pul- 
monary vascular resistance and an increase in physiologic 
dead space are consistent findings in patients with post- 
traumatic respiratory distress. Since mannitol has been shown 
to decrease renal vascular resistance following trauma, the 
effect of a bolus injection of 100 mi of 25% solution of this drug 
on pulmonary hemodynamics and physiologic dead space was 
investigated in 11 patients who had suffered multiple trauma. 
Five minutes after the injection, pulmonary vascular resist- 
ance fell (p « .01), cardiac index increased (p < .001) and 
physiologic dead space decreased (p « .05). In contrast, the 
administration of 40 mg of furosemide produced no significant 
change in any of these parameters. Mannitol rapidly equili- 
brates in the extracellular space and exerts an osmotic effect 
across cell membranes. We postulate that the beneficial 
response to mannitol on the pulmonary vascular resistance 
and the improved perfusion of ventilated regions of the lung 
is due to a reduction in cell swelling and is not explainable by 
its diuretic effect. Improvement in the distribution of perfusion 
of pulmonary blood flow by mannitol may be a useful aid in 
the treatment of the post-traumatic form of the respiratory 
distress syndrome. 


HE POST-TRAUMATIC form of the acute respiratory 
distress syndrome is characterized by a fall in 
arterial Po, due in large part to an increase in the intra- 
pulmonary shunt.'? The shunt is a consequence of 
continued perfusion of regions of the lung which are not 
exposed to inspired gas. Absence of ventilation to large 
numbers of alveolar units has been demonstrated by a 
fall in the functional residual capacity (FRC). Further- 
more, improvement in intrapulmonary shunt occurs 
when the FRC returns towards normal.!? Major empha- 
sis in the therapy of the acute respiratory distress syn- 
drome has thus far been concentrated on methods of 
ventilatory support which provide maximal expansion 
of alveolar volume. On the other hand, recent reports 
have indicated that the increased airway pressure, 
often required to achieve a normal FRC, may result in 


Presented at the Annual Meeting of the Southern Surgical 
Association, December 5-8, 1976, Palm Beach, Florida. 

Submitted for publication: December 10, 1976. 

Supported by Grants, GM 15464, HL 12564 and 5M01-RR00094M 
from the National Institutes of Health, U.S. Public Health Service. 


From the Departments of Surgery and Physiology, 
Albany Medical College of Union University, 
Albany, New York 


a substantial decrease in cardiac output®! and may 
produce a redistribution of pulmonary blood flow away 
from well ventilated to poorly ventilated regions of the 
lung.?? 

An additional manifestation of the acute respiratory 
distress syndrome, namely an increase in pulmonary 
artery pressure and pulmonary vascular resistance has 
been known for several decades but there have been 
few attempts to treat this aspect of the disorder. 
Increased vascular resistance may result from narrow- 
ing or occlusion of portions of the pulmonary vascular 
bed. When regions of the lung with vascular occlusion 
continue to be ventilated, they become dead space. 
Since patients with respiratory distress syndrome have 
a limited number of ventilated alveoli, the additional 
loss of gas exchange surface resulting from failure to 
perfuse the remaining open alveoli will lead to an in- 
crease in intrapulmonary shunt. Alternatively, an in- 
crease in the quantity of pulmonary blood flow directed 
through well ventilated regions of the lung will partially 
correct the deleterious effects of the intrapulmonary 
shunt (Fig. 1). | 

The present study was undertaken to assess the ef- 
fects of hypertonic mannitol infusion in patients with 
post-traumatic respiratory distress. The use of this 
agent was suggested by previous observaticns on its 
effects on vascular resistance in the kidney,® the 
brain,! and the myocardium.”! Additional pulmonary 
blood flow directed through well ventilated regions of 
the lung that were previously part of the physiologic 
dead space, may improve arterial Po, and oxygen 
delivery. We therefore wish to present a new therapeu- 
tic approach to the management of the acute respira- 
tory distress syndrome based on reduction of the dead 
space component of this syndrome. 

Hypertonic mannitol has at least two specific actions 
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Fic. 1. Schematic diagrame of possible combinations of distribu- 
tion of ventilation and perfusion. The middle alveolar capillary unit 
receives equal quantities of ventilation and perfusion. (B) Tae left 
unit receives no ventilation, (A) while the right receives no pertusion. 


(C) Consequently, the left and right units do not participate in 


gas exchange. 


in the body. First, it is a diuretic and second, it has 
been shown to reduce cellular swelling.!$ Therefore, 
we compared the effects of mannitol with that cf an- 
other potent diuretic, furosemide. 


Methods 


Eleven patients were admitted to the Albany Trauma 
Center following initial resuscitation and operative 
treatment of their injuries. (Table 1) A radial artery 
cannula and a pulmonary artery ballcon-tipped flow 
directed catheter were inserted. Intravascular »res- 
sures were measured by strain gauge transducers and 
recorded on a polygraph. Cardiac output was deter- 
mined by injecting indocyanin dye into the pulmcnary 
artery and calculating the resultant dilution curve with 
an on-line digital computer. Pulmonary vascular resis- 
tance was calculated off-line from the cardiac outpu- and 
the difference between pulmonary artery and pul- 
monary capillary wedge pressures. Arterial and mixed 
venous blood gases wére measured on an Instrumenta- 
tion Laboratories blood gas analyzer and were cor- 
rected for temperature and pH. Intrapulmonary shunt 
was computed from the Berggrens formula. Hemo- 
globin concentration and serum sodium levels were 
measured by standard techniques. 

All patients were maintained on a volume cycled 
ventilator so that total ventilation remained constant 
throughout the study. Alveolar ventilation was com- 
puted from the equation: 


Vco. = Va x FAco, 
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where Vco, is production per minute, V, is alveolar 
ventilation and FAco; is the fractional concentration 
of CO, in perfused alveoli. Vco, was calculated from 
the Fick equation by multiplying the difference in CO, 
content between the pulmonary artery and systemic 
artery by the cardiac 'output. CO, contents were cal- 
culated from the measured Pco,, pH and hemoglobin 
concentration using the Singer and Hastings nomo- 
gram. FAcoz was calculated by dividing the arterial 
Pco, by the barometrie pressure minus the partial pres- 
sure of water vapor. The dead space ventilation (Vp) 
was obtained by subtracting V , from the total ventila- 
tion delivered by the ventilator. The absolute value of 
dead space was obtained by dividing Vp by the respira- 
tory rate. There are cértain possible errors in this cal- 
culation. An intrapulmonary shunt will increase the 
arterial Pco, since the shunted venous blood has a 
higher Pco, than alveolar gas. The absolute value of the 
i 
shunt did not change during the course of the study, 
therefore, this correction was negligible and was ig- 
nored. Furthermore, compression of gas by the ventila- 
tor may increase total expired dead space ventilation. 
Since total ventilation was maintained at a constant 


i 


| 


| 
TABLE 1. Patient s Clinical History 


Serial # Age Sex l Injuries 


l 70 M Ischemic gangrene of the bowel s/p re- 
section of bowel 

2 12 M Trauma, penetrating injury of the abdomen, 
bowel injury, Fx. radius and ulna 
| 

3 6 M Ruptured abdominal aortic aneurysm 
s/p resection and shock 

4 38 F Trauma, Fx. skull, Fx. zygoma, multiple 
rib Fx., Fx. pelvis, blunt abdominal 
trauma 

5 61 M Trauma, cerebral concussion, multiple rib 
Fx., Fx. clavical and lung contusion 

6 28 M Total gastrectomy, anastomotic leak and 
endotoxic shock 

7 60 M Trauma, Fx. (L) femur, ankle and wrist, 

l Fx. skull, Fx. L1, L3 and lung contusion 

8 16 M bm. blunt abdominal trauma, 
intestinal injury, Fx. C2, C3 and (R) 
pneumothoax 

9 32 F Tram, ruptured spleen, renal contusion, 


communited Fx. Pelvis 


Trauma, Fx. (R) femur and patella, Fx. (L) 
ankle and clavicle, laceration of liver, 
fat embolism 


10 28 M 


l1 25 M Trauma, Fx. femur, Fx. zygoma, fat 


embolism and cerebral concussion 
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TABLE 2. Effect of Mannitol and Furosemide on Calculated Cardiovascular and Pulmonary Physiological Changes, Hemoglobin 
and Serum Sodium in 11 Patients Entered in this Study 


Mannitol 
Time (min) 0 (Control) 5 
Cardiac Index (L/min/M?) 3.7 4.6 
SE + 0.3 + 0.4 
Pulmonary Vascular Resistance 
(Dyne-sec/cm5) 166 136 
SE + 24 + 22 
Pulmonary Artery Pressure minus 
Pulmonary Wedge Pressure 
(Torr) 13.8 13.6 
SE + 1.4 zl 
Physiological Dead Space (ml) 642 204 
SE 4135 + 129 
Physiological Shunt (96) 23.8 22.9 
SE 14.4 14.2 
Arterial Oxygen Tension (Torr) 100 103 
SE m9 i9 
Hemoglobin (gm %) 10.8 10.1 
SE + 0.7 + 0.5 
Serum Sodium (mEq/L) 138 134 
SE E #33 


P Value* 
60 0-5 0 (Control) 60 
4.0 P< .001 3.7 3.6 
+ 0.4 + 0.4 + 0.4 
158 P< Oi 143 145 
+ 22 + 29 + 20 
14.2 NSt 10.8 11.5 
+ 1.6 +t 1.2 + 1.1 
347 P « .05 
+ 252 
25.0 NS 18.6 22.2 
14.7 + 3.8 14.7 
101 NS 110 102 
+ 10 ji + il 
10.6 P< .02 
+ 0.6 
137 P< .02 
PI 


* P values are calculated from the results of Student’s paired ¢ test between control and 5 minutes. All differences between 0 and 


60 minutes for both Mannitol and Furosemide were not significant. 
t NS means P > .05. 


level throughout the study, it was not necessary to 
provide corrections for compression of gas by the 
ventilator. This factor would become significant only 
if there was a change in lung volume. 

Eleven patients received an intravenous infusion of 
hypertonic mannitol as a single bolus of 100 ml of a 25% 
solution. Five of these were also treated with a 20% 
solution for a period of one hour. Cardiac output, pul- 
monary capillary wedge pressures, arterial and mixed 
venous blood gases, hemoglobin and sodium concen- 
trations were obtained just before the mannitol infusion 
at five minutes and at one hour. Furosemide was ad- 
ministered to 9 patients either one hour before or one 
hour after the mannitol infusion. The order of adminis- 
tration was determined on a random basis. All data 
were analyzed for significance using Student’s paired 
t test. 


Results 


Mannitol produced an increase in cardiac index in 
all but one patient. This increase was associated with a 
rise in filling pressure of the heart as measured by the 


S pulmonary capillary wedge pressure and a consistent 


fall in the hemoglobin concentration (p < .02) (Table 
2). The increase in cardiac index was greatest at five 
minutes (p < .001) but was still significant at one 
hour (p < .02). Furosemide resulted in no significant 
change in hemodynamics. 

Pulmonary vascular resistance fell from a control 
value of 167 + 24 dyne-sec/cm? to 136 + 22 dyne-sec/ 
cm? (p « .01) (Fig. 2). All values returned to pretreat- 
ment levels by one hour. The change in pulmonary 
vascular resistance was due to an increased pulmonary 
blood flow with no significant change in the pulmonary 
artery-pulmonary wedge pressure gradient (Fig. 3). The 
increase in pulmonary blood flow was associated 
with a fall in the calculated dead space (Vp). Vp fell 
from 642 + 135 ml to 204 + 129 ml (p < 05) (Fig. 4). 
Since total ventilation was held constant by the me- 
chanical ventilator, the decrease in dead space result- 
ing from mannitol infusion produced a corresponding 
increase in alveolar ventilation. 

There was a decrease in intrapulmonary shunt in 8 of 
11 studies at five minutes, but the change was not sig- 
nificant (Table 3). The arterial Po, rose in the majoritv 
of patients but the change was not significant. 

The hemoglobin concentration fell from 10.8 + 0.7 
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Fic. 2. Changes in pulmonary 
vascular resistance at five 
minutes and one hour follow- 
ing administration of hyper- 
tonic mannitol. 
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gm26 to 10.1 0.5 gm% (p « .02). At the same time 
the serum sodium fell from 137.+ 2 m Eq/L to 134 + 3 
m Eq/L (p < .02). These values returned to the control 
level after one hour. 

There were no significant changes in any parameter 
measured following administration of furosemide. 


Discussion 


The principal pulmonary hemodynamic alterat on in 
both experimental shock* and in post-traumatic respira- 
tory distress in an increase in the calculated pulmonary 
vascular resistance.!? Intravascular aggregaticn of 
platelets or other microparticles, local release of vaso- 
active compounds! and mechanical infolding of zapil- 
laries adjacent to regions of alveolar collapse? have 
been implicated in the increase in pulmonary vascular 
resistance. Local hypoperfusion of well ventilated re- 
gions of the lung produce and increase in respiratory 
dead space as evidenced by an increased arterial-to- 
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end-tidal CO, gradient. Hypoxic vasoconstriction of 
the pulmonary microcirculation through regions of re- 
duced ventilation may also contribute to the increased 
pulmonary vascular resistance but will tend to nor- 
malize the local ventilation-perfusion ratio and thereby 
limit the alveolar-arterial Po, gradient. In the extreme 
example of complete occlusion of capillaries surround- 
ing non-ventilated alveoli, such alveolar-capillary units 
will have no effect onigas exchange. Therapeutic inter- 
ventions resulting in a decrease in pulmonary vascular 
resistance will have quite opposite effects depending on 
whether the increased perfusion passes through regions 
that are well-ventilated or regions with poor to absent 
ventilation. In the former case, there will be an increase 
in alveolar ventilation’, a decrease in dead space and an 
overall improvement in gas exchange whereas an in- 
creased perfusion of, non-ventilated alveoli will in- 
crease the intrapulmonary shunt and produce a fall in 
arterial Po;. The use of mannitol in the present study 
resulted in an increased alveolar ventilation suggest- 
ing that some improved perfusion took place through 
well ventilated areas. These studies are in agreement 
with those of Williams? who studied the effects of 
hypertonic mannitol ‘during in vivo lung perfusion. 
Pulmonary edema was produced by acute elevations of 
left atrial pressure. This was associated with an in- 
crease in pulmonary vascular resistance and a fall in 
arterial Po,. Perfusion of the lung with hypertonic 
mannitol resulted ina return of both pulmonary vascu- 
lar resistance and arterial Po, to a normal range. 
Shunt and dead space ventilation were not measured 
in their study so the mechanism of the increased Po, 
could not be determined. 

Other agents, such as a rapid bolus injection of 
methylprednisolone may reduce pulmonary vascular 
resistance by dilating constricted vessels in non- 
ventilated alveoli.!?4 This drug produced a transiently 
increased shunt with a fall in arterial Po;. On the other 
hand, mannitol produced no change in the shunt frac- 


i 
r 


800 
700 
Fic. 4. change in respiratory 
600 dead space at five minutes and 
one hour following administra- 
- 900 tion of hypertonic mannitol. 
= The number of patients in 
= 400 whom respiratory dead space 
X 300 is reported above was reduced 


to 10. One patient was ex- 
cluded who had a calculated 
change in dead space that was 
greater than his tidal volume. 
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tion in spite of an overall increase in pulmonary blood 
flow. 

A decrease in vascular resistance in the kidneys of 
dogs suffering from traumatic shock was noted by us 
following the use of hypertonic mannitol.? This re- 
sponse did not occur following the administration of 
equal volumes of crystalloid solution.!! The decrease in 
renal vascular resistance was confirmed by Berman 
who studied unilateral infusion of hypertonic mannitol 
and noted a decrease in renal vascular resistance 
limited to the ipsilateral kidney.? Flores compared the 
effects of hypertonic mannitol with isotonic mannitol 
and noted that only the hypertonic solution was effec- 
tive in reducing renal vascular resistance. 

The osmotic effect of hypertonic mannitol is most 
probably extended across the cell membrane. The T 1⁄2 
of mannitol in the vascular bed is less than 30 sec and 
about 80% has left the circulation by one minute. 
Measurement of the hemoglobin concentration five 
minutes after the infusion of hypertonic mannitol in 
the present study showed a significant drop indicating 
an expansion of the plasma volume. Concurrently, 
there was a fall in the serum sodium concentration sug- 
gesting an expansion of the extracellular space, pre- 
sumably resulting from withdrawal of water from the 
intracellular compartment. Cellular volume is normally 
maintained by the continuous, active removel of serum 
from the interior of the cell by means of an energy- 
requiring sodium pump. When the supply of metabolic 
energy is reduced as might occur following a prolonged 
period of hypoperfusion, sodium will accumulate in the 
cell and water will diffuse across the cell membrane to 
maintain osmotic equilibrium. Cellular swelling may 
than reduce blood flow by compression of adjacent 
microvasculature or by reducing the vessel lumen 
secondary to swelling of the endothelium.’ Elevation 
of the extracellular osmolarity will reduce cell swelling 
and improve the microcirculation. This hypothesis for 
the observed effects of mannitol has been recently re- 
viewed by Powell.!? In addition, Willerson?! has noted 
a decrease in vascular resistance in non-ischemic por- 
tions of the myocardium following mannitol infusion. 
These studies of ischemic myocardium parallel our 
findings in the pulmonary vascular bed. 

Diuretics have been advocated in the management of 
the respiratory distress syndrome, especially when 
associated with evidence of ''fluid overload.” The 


possibility that the beneficial effects of mannitol ob- - 


served in this study might be due to a non-specific 
result of diuresis was tested by comparing the effects 
of mannitol with a potent loop diuretic, furosemide. 
Pulmonary vascular resistance and cardiac index did 


^". not change. These observations lend support to the 


HYPERTONIC MANNITOL 


623 


concept that the effects of mannitol are due to its os- 
molarity and lack of penetration of the cell membrane. 
The present study demonstrates that hypertonic 
mannitol, when administered to patients with acute 
respiratory distress, results in an increase in cardiac 
output associated with an increase in effective alveolar 
ventilation. The result is an improvement in overall 
gas exchange. We suggest that further efforts directed 
at improving the distribution of perfusion should be 
added to present methods directed at improving the 
distribution of ventilation in these patients. 
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DISCUSSION 


Dr. Watts R. WEBB (Syracuse, New York): (Slide) I would like 
to emphasize that you get an increase in peripheral resistance not 
only with the so-called shock lung syndrome, or adult respiratory 
distress syndrome, but with any period of hypovolemia, as shown 
here. In animals, where the pressure is reduced over 40% of the 
normal, maintained for a couple of hours, stroke volume is down, 
cardiac output is down, but note that peripheral resistance goes up, 
and also the pulmonary vascular resistance may arise four or fivefold. 

And the important thing about this is that restoration of the blood 
volume returns these toward normal, but does not return it com- 
pletely to normal. The most important thing, has been pointed out 
by Tom Shires and his co-workers for a long time, is that you not 
only have to restore the blood, you have to restore a good deal more 
than just the blood. 

And so what I'm wondering is whether we have seen, truly, the 


respiratory distress syndrome, or just a response to hypovolemia, 


where there always is an increase in pulmonary vascular resistance. 
This is normalized primarily by restoration of blood volume, and, in 
fact, to more than a normal blood volume. 

The leaky capillary syndrome occurs if there is protracted hypo- 
volemia, or if the various tissue factors, such as serotonin or hista- 
mine and the various bradykinins are released. The catecholamines 
in response to fat embolism and certainly to septicemia play a role. 
It's protected primarily by restoration of volume, but also protected, 
as we've found in our own work, by denervation, which prevents 
the increased vascular resistance, or lowers it toward normal. 
Steroids, antiserotonin agents, methasergide. for example, aid, and 
more recently we have shown the lung to be protected very markedly 
by prostaglandin E». 

We have thought that the increased pulmonary vascular resistance 
is due primarily to an increased venous tone and to interstitial edema, 
much more than to the edema of the endothelial cells. I wonder if 
what we have seen in Dr. Power's study is that just mannitol has 
given an increased volume, somewhat comparable to the infusion of, 
perhaps 500 to 1000 cc of lactated Ringer's. 

We have seen this same effect in our shocked animals from in- 
creased volume, which gives immediately a decrease in peripheral 
resistance, a decrease in pulmonary vascular resistance, and an in- 
crease in cardiac output, just as was demonstrated here in the 
patients. 

Lasix has no effect in the shocked animal If you give this 
comparable volume of mannitol to the normal animal, there is an 
immediate rise in cardiac output, and a fall in the pulmonary vascu- 
lar resistance, just as if you had given any other plasma expander, 
whether it be lactated Ringer's or serum albumin or plasma. 

Lasix in the normal has no hemodynamic effect, and, obviously, 
one wouldn't expect it, until it had time for a rather massive diuresis. 
So I wonder if what we have seen has not been primarily just the 
administration of an adequate amount of fluid to patients who had 
been rather underinfused, rather than patients who had the true leaky 
capillary syndrome, and had been overinftsed. 


DR. ARNOLD G. DIETHELM (Birmingham, Alabama): This is really 
an old concept now applied to the lung. The concept, basically, in- 
volves the fact that an obstructed vascular lumen in the kidney, the 
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heart, and the brain, when reopened with reflow of blood into the ob- 
structed organ will initially be patent, but then subsequently become 
obstructed. This observation, made by two British pathologists, 
Sheehan and Davis, in the late 1950's was termed the no reflow 
phenomenon, and this was substantiated by Ames and colleagues 
at the Massachusetts General Hospital, relating to the brain, using 
the rabbit as the experimental animal. Subsequently, Leaf and col- 
leagues and others have confirmed the no reflow phenomenon in 
the kidney. 

Parallel to these observations Sacks and colleagues, in California, 
observed that a hypertonic, hyperosmolar solution might be’ satis- 
factory to preserve kidneys and emphasized the role of cell dehydra- 
tion; specifically, the endothelial cell. 

The present paper is of; particular interest because, to my knowl- 
edge, the concept of cell dehydration applied to the endothelial 
cell has not yet been confirmed i in the lung. The paper suggests that: 
the resistance of the pulmonary vasculature does not diminish after 
a bolus administration of mannitol. But one question comes to mind, 
and that is: Mannitol, when given to the kidney or the brain, has to 
be given immediately after the occlusion. Therefore, dehydration 
must take place at the same time or prior to the reflow of blood. 

The circumstances here are quite different. The clinical situation 
presents itself with a patient with pulmonary trauma, four to 6 to 8 
hours pass by, and then ithe bolus of mannitol is given. 

Therefore, the question is whether or not the endothelial cell 
completely occludes the'lumen of the pulmonary vasculature, or is 
it markedly narrowed? If it is completely occluding the lumen, then 
only the lead point of the lumen of the vessel would be exposed to 
the mannitol. Everything distal would receive no mannitol. 

On the other hand, it's possibie that the lumen is not completely 
occluded, but only partially occluded. If that were the case, then the 
entire lumen (the endothelial cells along the entire lumen) would 
have exposure to the hypertonic solution. So the first question to 
Dr. Powers: What is his concept in regards to this? 

There are several other very brief questions. Is there really enough 
lung water to account for the dilution of serum sodium? It would 
seem that this would be a very large amount of water to be im- 
mediately placed into ithe intravascular space to cause sodium 
dilution. 

The last question is: Have you been able, or had the opportunity 
to confirm these observations with the ventilation perfusion scan be- 
fore and after the administration of mannitol? 

| 


Dr. LAZAR H. GREENFIELD (Richmond, Virginia): I rise to bring 
up some observations: that reflect our interests, which go back 
several years, when we became attracted to the experimental model 
of an isolated lung subjected to injury. It was obvious that one of 
the first physiological approaches should be to recruit water from the 
lung made edematous. In early use of mannitol, howver, we were 
very discouraged by the fact that it seemed to want to reside on the 
wrong side of the capillary bed, and, in fact, to perpetuate edema 
and cause hemorrhage in the lung. 

On the basis of this, we were reluctant to apply it to patients. 
However, in more recent clinical studies at the Medical College of 
Virginia within the past year, patients with head injury received 
large-bolus infusions of mannitol. Our observations confirm Dr. 
Powers' hemodynamic reports, showing that there were, in fact, sig- 
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nificant and impressive increases in cardiac output, and, of course, 
calculated reductions in pulmonary vascular resistance. 

I think, if the thesis is correct as Dr. Powers proposes it, then the 
benefits should last for a longer period of time than the short interval 
over which they were reported. Most of the variables reported 
seemed to have returned to their control values by one hour, and I 
would hope that the data would show that the improvement per- 
sisted for at least 24 hours. 

The other question would be: If this does, in fact, represent a 
volume load, was there an increase in pulmonary artery pressure? 
Dr. Powers mentioned that there was no change in gradient across 
the lung, but I wonder if there was, in fact, a measurable change in 
pulmonary artery and pulmonary wedge pressures. 

And, finally, I would be very interested in whether or not there 


was radiographic confirmation of this benefit by evidence of clear- 


ing of interstitial edema on subsequent chest x-rays. 


DR. SAMUEL R., Powers, JR. (Closing discussion): Watts, it’s the 
first time that anyone has accused me of inadequately resuscitating 
our patients. Our internists have somewhat a different view. I 
didn't have any time to describe the patients in sufficient detail. 
They were all adequately resuscitated, by our criteria, which is a 
pulmonary capillary wedge pressure of 5 mm of mercury or more, 
or a cardiac stroke/work index of at least one to 1.5 times normal. 

The question of the role of volume is a very important one, 
and may relate to the exact mode of action. Studies done in the 
kidney, particularly in which unilateral infusion of mannitol into one 
renal artery was carried out, showed that only the perfused kidney 
showed a fall in vascular resistance. If it was a nonspecific volume 
effect on the total circulation, one would have expected the re- 
sponse to be identical in both kidneys. 

These were patients with respiratory distress syndrome by our 
criteria. As mentioned in the paper, the mean shunt was 27%, 
which we consider reasonably important. We think the fact that the 
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serum sodium decreased indicates that there certainly was with- 
drawal of water from the cells, and this may account for the effect 
of mannitol. The decrease in dead space suggests that this effect 
was not just a nonspecific result of increasing perfusion to all parts 
of the lung, but rather was a selective increase in perfusion to those 
parts of the lung which had previously been dead space. 

As to the question of whether we have used the ventilation per- 
fusion scan, we have not, but we are currently in the process of 
using the Wagner-West multiple inert gas elimination technique, - 
which makes it possible to separate out pure dead space from re- 
gions that merely have a high VQ; and I think the point is very well 
taken. If a vessel is completely occluded, there's no way that man- 
nitol or anything else can get to it. On the other hand, if it is tightly 
constricted, then with the way we measure dead space, this will 
appear as if it were dead space. With this new technique we're using, 
we hope to separate these out. 


We do not have any convincing evidence of x-ray change, and 
I would only point out that we have been quite unable to correlate 
x-ray findings with physiologic findings in all of the patients 
with respiratory distress syndrome. 

As far as the duration of effect, this was a single 100 ml bolus 
delivered as rapidly as we could, containing 25 gm of mannitol, 
and one would expect that by the end of the one hour any membrane 


. effects would be over. We are conducting studies at the present 


time with a more prolonged administration. The pulmonary artery 
pressure did not go up. 

And finally, I'd like to mention a little quote from a magnificent 
book by Cournand and Richards, published back in the late forties, 
for which they received the Nobel Prize. And at that time, they were 
using mannitol not as a therapeutic tool, but as a marker for the 
extracellular space. At the end of their discussion on ECF, there 
are two sentences which say: It was the opinion of Dr. Richards 
and myself that those patients whose ECF was measured with man- 
nitol had a more favorable course than those which were not. 


Incidence and Significance of Intra-Operative Bacterial 
Cultures During Abdominal Aortic Aneurysmectomy 
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Eighty patients undergoing abdominal aortic aneurysmectomy 
were studied to identify sources of potential graft sepsis. All 
but one patient received perioperative antibiotics. Samples ob- 
tained from aneurysm contents in 78 and bowel bag fluid 
in 45 were cultured for organisms. Twelve of 78 (15%) 
aneurysm cultures and five of 45 (11%) intestinal bag 
cultures yielded bacterial growth. Sixteen patients had positive 
cultures from either source and one from both, an overall 
incidence of 20%. Forty-four patients had asymptomatic 
aneurysms, 23 had symptomatic aneurysms, and 13 had rup- 
tured aneurysms. A significantly greater frequency of bacterial 
growth occurred from ruptured than from non-ruptured aneu- 
rysms (p<0.05). Two patients (2.5%) developed graft sepsis. 
Comparing survivors followed a minimum of 6 months in the 
positive and negative culture groups, the late graft sepsis rate 
was 10% and 2% respectively. Two heretofore not widely re- 
cognized sources for late graft sepsis were identified: aneu- 
rysmal contents and intestinal bag fluid. Reasons for difference 
between potential graft sepsis incidence of 20% and actual 
incidence of 2.5% may include antibiotic therapy, host resis- 
tance, or other unidentified variables. Routine culture of 
aneurysm and intestinal bag contents is recommended. Upon 
identifying bacterial growth from such sources, organism- 
specific antibiotics are required. 


Am COMPLICATIONS following abdominal aortic 
aneursymectomy, graft infection is one of the 
most dreaded and most challenging to manage. Twenty- 
five to 7595 of patients incurring this complication 
die.5:65719? Among survivors, a significant number re- 
quire amputations. Since such dismal results follow 
treatment of graft sepsis, prevention assumes prime 
importance. To prevent this complication it becomes 
imperative to identify factors which may lead to graft 
infection and eliminate or treat them. Factors pre- 
disposing to graft infection include break in aseptic 
technique, groin anastomoses, bacteremia, perigraft 
hematoma, and ruptured aneurysum.:9:10.11,15.14,19 
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To identify other sources for potential graft sepsis 80 
patients undergoing abdominal aortic aneurysmectomy 
were studied and form the basis of this report. All 
patients presented with clinical findings expected of 
arteriosclerotic abdominal aortic aneurysms. None 
were suspected of having an infected aneurysm. 


Clinical Material and Methods 
Patient Population | 


Of the 80 patients studied, 71 were male and 9 were 
female. The average age was 65 years, ranging from 49 
to 85 years (Table 1). Asymptomatic abdominal aortic 
aneurysms were identified in 44 individuals and were 
treated electively. Twenty-three patients were sympto- 
matic with abdominal or back pain and underwent 
aneurysmectomy under varied urgent conditions de- 
pending upon their symptoms and general conditions. 
Rupture of the aneurysm required emergency operation 
in the remaining 13 individuals (Table 1). 

None of the 80 patients were hospitalized for febrile 
illness prior to aneurysmectomy nor was a history of 
febrile illness immediately prior to admission obtained. 
Seventy-nine per cent of individuals had clinically sig- 
nificant evidence of diffuse vascular involvement, 
including transient| ischemic attacks, stroke, myo- 
cardial infarction, angina, or other significant degener- 
ative processes such as chronic obstructive pulmonary 
disease, diabetes mellitus, and arterial hypertension. 


Technique 


Thorough skin cleansing was performed in all pa- 


tients prior to incising the abdominal wall. Transverse , 


infraumbilical incisions were preferred in all but rup- 
tured aneurysmectomy procedures. The small intestine 
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TABLE 1. Age, Sex, and Operative Indication 











Asymp- Symp- 
tomatic tomatic Rupture 
Age Yr. M F M F M F Total 
40-49 1 — —  — — — l 
50-59 10 2 1 3 ] — 17 
60--69 15 1 12 2 7 — 37 
70—79 13  — 3 — 5 — 21 
80—89 2 ow 20 — e em 4 
Total 41 3 18 5 13 0 80 


was displaced into a plastic bowel bag during every 
aneurysmectomy. -The bowel bag drawstring was 
loosely cinched to avoid compression of the mesen- 
teric root. Standard aortic aneurysmectomy, leaving 
the posterior aneurysm wall in situ, was performed 
in all instances. Whenever practical and possible, after 
evacuating intra-aneurysmal thrombus, atheromatous 
material and aortic media were debrided from the 
retained posterior aortic wall leaving viable aortic 
adventitia as the graft bed. Following debridement, the 
aortic bed was irrigated with sterile saline solution. 

All repairs required bifurcation prostheses except 7 
in which tube grafts were employed (Table 2). In 10 
individuals both distal anastomoses were to the com- 
mon femoral arteries. In 8 others one limb of the pro- 
sthesis was anastomosed to the femoral artery and the 
other limb to the iliac artery. In the remaining 55 
reconstructions, distal anastomoses were to the iliac 
vessels bilaterally. Inguinal incisions were required in 
22% of patients. 

Two layers of retroperitoneal tissue were imbricated 
over the prostheses following completion of the ana- 
stomoses.* Antibiotic irrigating solutions were not 
used. 


Antibiotic Therapy and Bacterial Cultures 


All patients but one received parenteral antibiotic 
therapy. Except for those undergoing emergent aneu- 
rysmectomy, patients received antibiotics (doxycy- 
cline or cephalothin) four to 6 hours prior to opera- 
tion. Antibiotics were given during operation and con- 
tinued for four to five days following operation. 
Antibiotic therapy was specifically altered if inter- 
current infection developed in the postoperative 
period. 

Intra-operative bacterial culture specimens were 
obtained from samples of aneurysm contents and fluid 
transuded into the bowel bag. Under a biological safety 
hood such specimens were immediately cultured for 
aerobic and anaerobic organisms. Blood agar, Mac- 
Conkey's agar, laked plates and thioglycolate media 
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TABLE 2. Method of Reconstruction 


Aorto-aorta tube 7 

> 78% 
Aorto-bi-iliac S5 
Aorto-Iliac-Femoral 8 

> 22% 
Aorto-bi-Femoral 10 


were employed for the culture of each sample. Plate 
contaminants were excluded from culture reports. 

In 80 patients samples were obtained from either the 
aneurysm contents or bowel bag contents. Aneurysm 
content culture reports were not available in two 
patients. Thus, 78 aneurysm content cultures were 
evaluated. Midway through the study, culture of bowel 
bag fluid samples was instituted. Forty-five intestinal 
bag fluid cultures were obtained and available for 
evaluation. 


Results 


Obvious infection of the aneursym was not present 
in any patient at operation. All aneurysms appeared to 
be of arteriosclerotic origin. 

Of the 78 cultures of aneurysmal contents, 12 (15%) 
yielded growth of organisms. Of the 45 cultures of 
intestinal bag fluid, five (11%) yielded growth. In one 
patient organisms grew on cultures from both the 
intestinal bag fluid and aneurysmal content samples. 
Thus, in 16 of the 80 patients (20%), bacterial growth 
occurred from culture specimens of aneurysmal con- 
tents, intestinal bag fluid, or both. 

Gram positive organisms predominated with staphy- 
lococcus epidermidis being most common (Table 3). 
This pattern was similar for aneurysmal content 
cultures as well as intestinal bag fluid cultures. 
Seventeen percent of aneurysmal content cultures and 


TABLE 3. Organism Cultured and Aneurysm Status in 16 Patients 


Aneurysm 
Asx Sx Ruptured Bag Total 

Gram Positive (81%) 

Staph Epidermidis 3 2 2 2 9 

Staph Aureus I 1 2 

Micrococcus Í 1 

Coccus (?) ]* ]* 2* 
Gram Negative (19%) 

Enterobacter ; Í i 

E. Coli l 1 

Bacillus 1 l 
Total 4 3 5 5 17 


* = Same individual. 
(D) = Not identified. 
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20% of intestinal bag fluid cultures proved to be 
gram negative organisms. 

-Four of 44 (9%) asymptomatic aneurysm contents 
and three of 23 (13%) symptomatic aneurysm contents 
culture yielded growth of organisms. On 6 cultures 
gram positive bacteria were isolated (Table 3). Gram 
negative organisms were identified on one. 

Five of 13 (38%) ruptured aneurysm content cultures 
yielded bacterial growth. In four of the five cultures 
gram positive organisms were identified (Table 3). No 
salmonella organisms were identified. 

Difference between bacterial growth frequency from 
asymptomatic and symptomatic aneurysms versus 
bacterial growth frequency from ruptured aneurysms 
was computed by X? analysis. A significantly 
greater frequency of bacterial growth was yielded from 
ruptured than from asymptomatic and symptomatic 
aneurysms (p« 0.05). 

Six of the 16 patients having positive cultures died 
before discharge from the hospital. Three of these 
underwent emergency aneurysmectomy for rupture 
and two underwent urgent aneurysmectomy. The 
only death following elective aneurysmectomy occur- 
red 45 days postoperatively from respiratory failure. 
Therefore, 10 of the 16 individuals were available for 
long term evaluation. All were followed for at 
least 6 months. All had received perioperative anti- 
biotic therapy. Average follow-up for survivors having 
positive cultures from either source was 22 months, 
ranging from 12 to 47 months (aneurysm contents 
positive: 10 to 47 months; intestinal bag contents 
positive: 12 to 27 months). Four patients died during 
late follow-up, all from complications of arterio- 
sclerotic vascular disease. One of these died following 
treatment for graft sepsis. The 6 remaining survivors 
were well. 

Average follow-up for survivors, followed for at least 
6 months, having negative cultures from either source 
was 18 months. 

Of the 80 patients studied, graft sepsis was recog- 
nized in two (2.5%). One underwent emergency 
aneurysmectomy with placement of an aorto-bi-iliac 
prosthesis for ruptured aneurysm. The aneurysm did 
not appear infected. Aneurysm content cultures 
yielded growth of enterobacter. Organism-specific 
antibiotic therapy was maintained for four months. 
Aortography, 9 months postoperatively, documented a 
pseudoaneurysm at the aortic anastomosis. Following 
an attempted repair, the patient died. Pseudoaneurysm 
wall cultures yielded growth of enterobacter. The other 
patient, who had a solitary right kidney, underwent 
elective aneurysmectomy and placement of an aorto- 
bi-femoral prosthesis. Neither aneurysmal content nor 
intestinal bag fluid cultures yielded growth of 
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organisms. Six weeks following aneurysmectomy the 
patient underwent lysis of intestinal adhesions, 
ureterolysis and nephrostomy for ureteral leak, and 
drainage and irrigation; of a localized abscess adjacent 
to the right limb of the prosthesis. Culture samples 
from the abscess yielded no growth of organisms. This 
individual was well 15 months postoperatively. 

Of 60 surviving patients followed at least 6 months, 
10 had positive cultures from either source and 50 had 
negative cultures. One of the 10 with positive cultures 
developed graft sepsis and died from this complication. 
One of the 50 with negative cultures developed graft 
sepsis and survived. 

i 
Discussion 


The incidence of positive intra-operative bacterial 
cultures during abdominal aortic aneurysmectomy was 
20% in this study. Ffteen per cent of aneurysm content 
cultures yielded bacterial growth and 11% of intestinal 
bag fluid cultures yielded bacterial growth. No patient 
had clinical or operative findings signifying an infected 
aneurysm. Other investigators have identified clinical 
features indicating possible abdominal aortic aneurysm 
infection.!2:15 Lacking such features, some abdominal 
aortic aneurysms may not be recognized as being 
infected prior to operation. These aneurysms pose 
particular problems Ibecause of the potential for 
development of graft sepsis. 

Infected aneurysms, recognized as such preopera- 
tively, have appeared to yield gram negative organisms 
more frequently than in the present study. Salmonella 
has been a particular offender.!5?' The rate of rupture 
associated with gram negative organisms has been 
reported to be significantly greater than with gram 
positive organisms.'? In the present study, of five pa- 
tients with positive ' aneurysm cultures undergoing 
aneurysmectomy for|rupture, four had gram positive 
organisms identified (Table 3). The only individual hav- 
ing a gram negative organism cultured from the aneurysm 
died of late graft sepsis. 

Although graft sepsis may remain obscure for several 
years after operation, most graft complications 
secondary to infection are evident within 6 months. 
6,8,10,19 Jf pseudoaneurysm formation is the result of 
graft sepsis, clinical recognition may occur earlier.” 
Survivors of aneurysmectomy, therefore, were followed 
for at least 6 months. The overall graft sepsis inci- 
dence was 2.5% in the present study. Compar- 
ing survivors, followed a minimum of 6 months, 
in the positive and negative culture groups the 


late graft sepsis rate was 10% and 2% respectively. It ` 


appears that late graft sepsis is more likely to develop 
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when positive cultures are identified. Except for this, 
the significance of positive intra-operative bacterial 
cultures is unclear. 

Why the actual graft sepsis rate was only 2.596 when 
the potential for developing sepsis was 2096 is 
unknown. Host resistance, organism virulence, and the 
use of antibiotics all may play a role. Àn additional 
factor may be the method of preparing the graft 
bed employed in this series. The retained posterior 
aneurysm wall was debrided to viable aortic adventitial 
tissue, This maneuver may decrease the volume of the 
innoculum as well as provide for healthy infection 
resistant tissue adjacent to the prosthesis. 

Over 80% of organisms cultured from both aneu- 
rysmal contents and intestinal bag fluid were gram 
positive. Sixty-nine per cent were staphylococcal 
organisms. Many reports note predominance of staphy- 
lococcal organisms among patients having graft 
sepsis.99-121529 Staphylococcus epidermidis was 
identified 5695 of the time in the present study. Either 
this was a contaminant or as others have reported, 
this organism is of low virulence.9?^ The question of 
whether staphylococcus epidermidis originated from 
culture samples or was a contaminant is moot. This 
organism was isolated and in the presence of foreign 
material assumes importance. 

Controversy exists concerning use of prophylactic 
antibiotics when implanting aortic prostheses. Several 
vascular surgeons recommend use of antibiotics in 
this setting. 59:15:16/17 An opposing view to routine use 
of prophylactic antibiotics is taken by Szilagyi and co- 
workers who reported an incidence of infection of 0.7% 
for aortoiliac prosthetic placement and 1.6% for aorto- 


-=— femoral reconstruction.!? Prophylactic antibiotics were 


not used. 

Antibiotics were given to all patients but one in this 
study. Whether such therapy played a role in 
decreasing the potential to actual graft sepsis is 
undetermined. Since graft sepsis is arare complication, 
acquisition of objective data by a prospective double- 
blind study would seem to be beyond practicality. Boyd 
and co-authors have published a study employing anti- 
biotic prophylaxis in patients undergoing operation for 
hip fractures. They concluded that antibiotic prophy- 
laxis was effective in reducing postoperative wound in- 
fections.? 

Because graft sepsis is such a disastrous complica- 
tion, withholding antibiotic therapy when implanting 
aortic prostheses does not seem justified, particularly 
when positive intra-operative cultures are identified. 
Since some abdominal aortic aneurysms are not recog- 


~ nized as infected prior to operation, and the potential 


for infection is 1596, prophylactic antibiotic therapy 
seems indicated. Varying views have been reported 
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concerning bacterial growth yields from intestinal bag 
fluid cultures.??" Although uncommon (11% in this 
study) this may also prove to be an indication for pro- 
phylactic antibiotic use. 

Another indication for prophylactic antibiotic 
therapy is ruptured abdominal aortic aneurysm.!.:!? 
In 3896 of ruptured aneurysms in the present study, 
positive aneurysmal content cultures were identified. 
This is contrasted with the 9% and 13% positive culture 
incidence for asymptomatic and symptomatic aneu- 
rysms, respectively. Assuming contamination from 
skin organisms to be no greater for emergency oper- 
ation than elective operation when thorough skin prep- 
aration is possible, there is a significantly greater 
chance for potential graft sepsis following emergency 
aneurysmectomy than elective aneurysmectomy. 

Anticipation of groin incisions also appears to be 
an indication for prophylactic antibiotic therapy 9:11:19 
Failure in aseptic technique and viscus penetration 
require therapeutic antibiotic treatment. Patients with 
exceptionally poor hygiene and immunologic defi- 
ciencies also qualify for antibiotic prophylaxis .1% 

Since dismal results follow treatment of graft sepsis 
it is recommended that potential septic factors be 
identified. Two heretofore not widely recognized 
sources for potential graft sepsis were identified in this 
study: aneurysmal contents and intestinal bag fluid. 
Routine culture of aneurysm contents and intestinal bag 
fluid appear justified. Upon identifying bacterial growth 
from either source, organism-specific antibiotics are 
required. Since some aneurysms do not appear infected 
at operation and since staphylococcal organisms pre- 
dominate, anti-staphylococcal antibiotic administra- 
tion may be justified when abdominal aortic aneurys- 
mectomy is performed. 
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DISCUSSION 


Dr. FOLKERT O. BELZER (Madison, Wisconsin): Mr. Chairman, 
members and guests: I rise to discuss Dr. Lord’s paper because 
I am a believer in local antibiotics. 

However, I would again remind the audience that, although 
the experimental evidence is irrefutable, there are about as 
many papers in the literature suggesting that local antibiotics 
are worthless as there are papers suggesting that they are good. 
And looking over the audience, I would bet that 90% of the 
surgeons in this audience do not use local antibiotics routinely 
in their patients. 

(Slide) Perhaps the problems of some of these studies are 
these three things: first, the choice of the wound—and I hope 
Dr. Lord won't mind if I suggest that varicose vein is still a 
clean wound which I do not think is the best to study the efficacy 
of local antibiotics. I will talk a little bit more about that in the 
next couple of minutes. 

Second, I think the choice of antibictics in some studies has 
been inappropriate, such as the use, for instance, of ampicillin 
in large bowel wounds where you really have to protect against 
pseudomonas and bacteroides. 

And finally, the manner of the study may present a problem. 
For instance, I think comparing one period against another 
period, or one hospital against another hospital, is really not the 
way to do a well-controlled study. 

(Slide) In general, I believe that to show the efficacy of local 
antibiotics in clean wounds would be very difficult to do, because 
most of those wounds should heal without any problem. I would 
make an exception in the clean wounds in high-risk patients, 
such as moderate obesity, patients with leukemia, etc., or if a 
foreign body is introduced, because we all know that with a 
foreign body, a small inoculum can set off a wound infection 
where otherwise there would be none. 

The contaminated wound, especially tne clean contaminated 
wound, is the ideal situation where local antibiotics should be used. 
I think the heavily contaminated wounc is still treated better 
by secondary closure. And, of course, in the infected wounds 
it should not be used. 

(Slide) A couple af years ago we published a series where we 
looked at kidney transplantation wounds. We all know that 
transplant patients are very prone to infection, including wound 
infection. Also, by opening the bladder, (especially if this has been 
defunctionalized for some time), the wcund is very often con- 
taminated. We looked at two types of operations, the primary 
transplant wound and the secondary transplant wound. In the 
primary wound, without local antibiotics, the wound infection 
rate was 5%, which is actually slightly lower than many other 
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published series. This, (however, was reduced to 0.5% when 
local antibiotics, consisting of neomycin and bacitracin, were 
utilized at the time of the operation. 

Even more important, the reopened wound, which was usually 
for transplant nephrectomy, and the patient had been on 
steroids, etc., local antibiotics reduce the wound infection rate 
from 28.6% to 4.8%. So I think that the use of local antibiotics in 
the appropriate wound 1 Is excellent treatment. 


Dr. J. ENGLEBERT DuNPuy (San Francisco, California): These 
are two, I think, fascinating and very important papers, and what 
I get out of them—particularly Dr. Griffen’s paper—is another 
example of the fact that an enormous amount of wounds are 
exposed to bacterial contamination, and only a small number become 
infected. There is a very real natural resistance to infection in 
clean wounds, provided it is not made a bacterial culture by the 
inept or inappropriate handling of the tissue. 

The second point that I would make is that if we are to use any- 
thing prophylactically, we have got to be sure there's no loss., 
Everything that is done prophylactically has some potential dis- 
advantages; and for that reason, I think, if we are going to use 
local or systemic antibiotic therapy, we should be using it for a 
specific, clearcut gain. And I don’t see the difference in, say, 
a hernia wound, with an infection rate of 0.8%, which Dr. Altemeier 
has reported—our own figures ran around 1%—-to use an anti- 
biotic in that situation, and run the risk of allergy, sensitivity 
to the antibiotic, or other complications that are hard to foresee 
is inappropriate. | 

But where we have a major loss if infection occurs, as in vascular 
surgery, as in all the situations in which prosthetics ae used, 
then some type of antibiotic usage is appropriate. And if it can 
be shown to be as effective as it appears to be in the study 
Merl local, topical application would certainly seem to be in 
order 

So that I would leave you with this message. Topical anti- 
biotics are not worth:it if you are a good surgeon and have an 
appropriately low incidence of wound infection. In my view, 
this is a very critical point, because there are a number of 
studies appearing in the literature, particularly from our friends 
in Great Britain, reporting a 10%, 15%, or 20% incidence of 
wound infection in clean wounds; and then antibiotics are given 
to lower the figure toj say, 5%. 


DR. CARLOS M. CHAVEZ (Jackson, Mississippi): A few years ago, 
Dr. Conn and I reported our experience at this meeting with . 
infected arterial prostheses. Since then we have looked for 


factors that could be implicated in the development of infection 
in our vascular cases. 
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We have obtained cultures from the contents of the plastic 
intestinal bag used in our intraabdominal arterial cases. These 
cultures were obtained at the end of the procedure m the last 
33 consecutive patients. All but one of the cultures were reported 
negative. The only positive culture grew out Staph epidermidis. 

This patient with the positive culture has not shown any evi- 
dence of intra-abdominal infection in 1-1 years following surgery. 
The mean time that we kept the gut inside of the plastic bag 
in this series was around 30 minutes. I believe that this may 
have some implication in the development of positive cultures. 

We also have been very careful not to constrict the bowel or 
mesenteric structures with the tie that comes with the intestinal 
bag. If it is too tight, it may create a situation similar to a strangula- 
tion obstruction, and we all know well that this is a very good 
set-up for the transudation of bacteria into the bag. 

Therefore, I don’t believe that the use of the Lahey bag con- 
stitutes a significant factor in the occurrence of post-operative 
infection following intra-abdominal arterial surgery, as reported 
by Dr. Ernst. No patient with an infected prosthesis had a 
positive culture from the Lahey bag. 


DR. WILLIAM A. ALTEMEIER (Cincinnati, Ohio): Since my name 
has been mentioned a number of times, I thought I should give 
you some ideas that occurred to me during the presentation 
of these two papers and the discussion which followed. 

Both are very interesting papers, and they add information 
which we need to develop plans for reducing postoperative 
wound infections to a minimum. 

The Manual on Control of Infections which has just been pub- 
lished by the Committee on Control of Infection of the Pre- 
and Postoperative Care Committee of the American College of 
Surgeons stresses many of the points which Dr. Dunphy just men- 
tioned, and some of those which were presented in the two 
papers. 

In the preface of this Manual are statements that emphasize 
the lack of factual information that we have available to us as 
surgeons for the prevention of infection, and the more research 
that we can do to provide us with factural information as to 
‘the microbial and non-microbial determinants of infection in 
surgical patients the better. 

For example, in the ultraviolet study that was alluded to, the 
average incidence of infection was 3.3%. However, if this figure 
was broken down into those for the five hospitals, they varied 
from 0.7% to 11.8%. This difference, of course, has to be ex- 
plained, Personally, I think that one of the problems we have is 
that during many operations contamination occurs which makes a 
clean, elective type of wound a contaminated wound, and perhaps 
under these circumstances local irrigation is of value. On the 
other hand, I do not use local irrigation at the University of 
Cincinnati Medical Center. Dr. Alexander feels that transplant 
patients under vigorous immuno-suppressive therapy are probably 
benefited by topical antibiotic therapy. 

My own clinical and experimental experience, including the 
paper which Dr. Culbertson and I presented in 1961, indicates 
that the endogenous contamination in clean contaminated wounds 
is a significant cause of infection, and that this type of con- 
tamination may occur as long as two, three, or four days post- 
operatively. We have concluded that the topical antibiotic therapy 
is of relatively little value under these conditions. 


Dr. WILLIAM H. Epwarps (Nashville, Tennessee): In order to try 
to supply more factual information, and in keeping with Dr. Griffen’s 
recommendations on his conclusion, we are now buffering all 
abdominal aortic aneurysms; but, more importantly, we are 
trying to determine the role of antibiotics in otherwise clean 
peripheral vascular surgery. We have undertaken a prospective 
randomized double-blind study for all clean reconstructive 
peripheral vascular procedures, in order to try to determine 
what role systemic antibiotics should play. 

(Slide) In keeping with Dr. Szilagyi's paper in 1972 in which 
he described the three types of wound infections— No. 1, 
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epidermis only; No. 2, deep infections, but not involving the 
prosthesis; and No. 3, the prosthesis— we are dividing our 
patients into two co-groups, one of which receives a material 
called Placeps, a placebo, the other receiving the antibiotics. 

This study began in February. We reviewed the material in 
September, to try to determine what our statistics might begin 
to show. We have eight wound complications which ar2 actually 
infections, two occurring in the Group 3, five in Group 2, one in 
Group 1. You will note that these are predominantly Code B. 

In addition, the systemic reactions of rash and tubylis also 
are in Code B. We have wound drainage without pus in five 
cases, again four of them in Code B. Erythema reactions in the 
wounds, without any actual infection or pus, interestingly 
enough, were in Code A, and less so in Code B. 

We would hope that we could from this study determine what 
place systemic antibiotics should have in the otherwise clean 
vascular procedure. Dr. Szilagyi in his comments in 1972 that 
Dr. Lord referred to indicated the many problems that such a 
study will create, and we are aware of this. This study is 
going on in one operating suite, with, predominantly, three 
vascular surgeons and their patients being included in the study. 
Hopefully, we might get some meaningful data from this. 


Dr. BERNARD W. THOMPSON (Little Rock, Arkansas): For the 
past 6 months we have been carrying out a similar study. We have 
cultured the contents of the Lahey bag in all patients undergoing 
elective aortic surgery, whether for aneurysm or occlusive disease. 
Positive cultures were found in only an occasional patient, and 
the predominant organisms have been Gram negative. So far, we 
have not had a graft infection in this group. We are therefore 
not really sure that there is clinical significance to a positive 
culture at time of surgery at least when it comes from the 
bag in which the intestines have been isolated for a prolonged 
period. 

The data presented by Dr. Ernst adds further evidence for the 
need for prophylactic antibiotics in patients undergoing aortic 
surgery. We certainly do use prophylactic antibiotics in all 
patients in which we insert a prosthetic material. 

Shortly before undertaking our study, we had a graft infection 
due to Serratia which led to a fatality. I would like to ask 
Dr. Emst if he recommends adding a specific antibiotic for 
control of anaerobes. 

During the past five years we have also seen four other 
patients who have developed lymphoceles in their groins some 
6 to 18 months following aortofemoral grafting. Repeated aspira- 
tions and drainage eventually led to graft infection with ensuing 
fatal complications. Dr. Ernst has tried to define a cause, and 
prevent development, of early graft infection. I would like to 
ask him: What causes these late lymphoceles to develo»? How 
can we prevent them? And if we do, how can we treat them? 


Dr. Jonn L. OCHSNER (New Orleans, Louisiana): I believe 
Dr. Lord's statistics clearly show to me that prophylactic 
bactericidal antibiotics do have a place. I am a betting man, 
and I'd like to take on Dr. Belzer's bet that less than 90% 
of people in this organization use prophylactic antibiotics. 
Maybe the Moderator will show a show of hands before it's 
over. 

Following our experimental use of the antibiotics in the infected 
graft site, we have continued to use antibiotics as an irrigation 
as long as they are bactericidal in origin. We have used kanamycin, 
0.2%, to which is added 50,000 units of bacitracin in a 
thousand cc. In recent years we have extended the use of 
antibiotics to the sterilization of infected prostheses, but have 
added Betadine as our primary bactericidal agent. 

I'd like to share with you, to exemplify the effectiveness of 
this drug, an experience that we had about two years ago, 
when we did a Rastelli procedure for a Type I truncus arteriosus, 
in which we used as a conduit from the right ventricle to the 
pulmonary artery, a Hancock Prosthesis, which was Dacron with 
a xenograft valve. 
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About a week later it became obvious that this graft was in- 
fected, and we explored the left chest and found it floating in 
pus; and since there was no way to circumvent this area, we 
decided the only thing to do was to try to sterilize the entire left 
pleural space. We irrigated this cavity with the Betadine for about 
one week. The patient became iodine toxic, so we called the 
company that makes Betadine, and they informed us that the 
bactericidal effects of the drug are still the same up to a 
dilution of 1:30. So we changed the dilution to 1:20 from a 
full strength, and irrigated the cavity for a month’s period. 

That's been two years now, and this child has continued to 
do well without any evidence of infection. 

At the present time we feel that Betadine should be used as the 
primary agent— bactericidal agent—in any operative field that 
contains a prosthesis in which there is evidence of contamination 
or infection, aud reserve the use of the routine bactericidal 
antibiotics for clean wounds, but in which there is a cardio- 
vascular prosthesis. 


DR. HiRAM C. Pork, Jr. (Louisville, Kentucky): I would make two 
comments. Dr. Dunphy, with the classic biologic insight of the wound- 
healer, has put this ''risk and reward” business in the right 
perspective. While we've had some success with systemic anti- 
biotics, every time one chooses to do that, cne has to carefully 
weigh the disadvantages of that choice. I think that's exemplified 
by Dr. Lord's efforts today. 

I have had the chance to look at Dr. Lord's paper, and note 
that he begins, as has been too often the case, with a testimonial 
about how antibiotics do better in a certain group of patients. 
Whether you like the study or not, his careful, controlled trial 
of the varicose vein operations is one of the few examples 
that seems to really show that topical antibiotic use in this 
Situation is beneficial, in a refined, clean operation. 

' For that reason it's especially notable, and adds a dimension 
to the usual sort of testimonials that have occurred in this 
field for some time. 

I would take one point of disagreement with him. I think the 
principle outlined both by Dr. Dunphy, that the choice of anti- 
biotic ought to be one for local use that is a little bit toxic 
for systemic use, and in that way we are more likely to preserve 
the useful and safe systemic agents for their use as such, using 
those agents locally which are sufficiently toxic that they have 
local effect, but you don't need to call on them for systemic 
use when the inevitable development of resistant forms occurs; 
by doing so we can improve the over-all economy of the effort. 


Dr. Jesse E. THOMPSON (Dallas, Texas): I would like to direct 
my remarks to Dr. Lord's paper. I agree with his concept that 
topical antibiotics are a useful adjunct in vascular surgery. We have 
used them for many years, and at the present employ a mixture 
of neomycin, bacitracin, and polymyxin as the irrigating solution 
in selected groups of cases. For example, we have used topical 
antibiotics routinely in aortoiliac reconstructions for both aneurys- 
mal and occlusive disease in more than 900 private cases, and have 
not had a single case of graft or artery infection, although 
systemic antibiotics are also used. 

Now, in more than 1000 carotid endarterectomies, no antibiotic 
irrigation was used, and only one superficial wound infection, 
with no artery infection, has occurred. Systemic antibiotics were 
not used. These operations are short, are in the neck, and no 
graft or prosthetic material is present. 

As has been pointed out, there are many factors responsible 
for wound infections, an important one being meticulous surgical 
technique and the avoidance of hematomas. I do believe, however, 
that topical antibiotics are a useful adjunct in vascular surgery 
where an aortoiliac reconstruction is carried out, since the opera- 
tions are frequently long, may be complicated, Dacron grafts 
are usually employed, and the groins are frequently opened, 
adding significantly to the possibility of contamination and 
infection. So I too recommend their use under these circum- 
stances. . ^" ' 
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Dr. T. BRANNON HUBBARD, JR. (Baltimore, Maryland): I would 
like to direct my discussion to Dr. Lord’s paper, and agree with 
his findings. Not only has Dr. Lord shown that local wound irriga- 
tion does good, but other| members of our society have shown 
that parenteral antibiotics! prophylactically onboard before the 
date of contamination, and. thereafter for 48 hours or SO, 
and intestinal antibiotics when tbe G. I. tract is invaded— that 
all of these three modalities do good. 

Dr. Milton Edgerton and his group also have shown in a little 


article you may have read a year or so ago in the experimental 


animal that subcutaneous | sutures predispose to infection. And 
there's also evidence that skin towels do no good, and that 
Vidrape may very well do harm. 

Every study that has been done has necessarily, to prove its 
point, involved only one lof these vehicles; and I thought you 
might be interested in a series of cases in which all these 
modalities have been used! 

Patients who undergo jejunoileal bypass for morbid obesity are 
an ideal group in which! to test such a regimen, since many 
reported series list a wound infection rate of 20% or better, 
and one is dealing with, an open intestine and a thick, fatty 
panniculus. 

We have done 190 jejunoileal bypasses. In these patients no skin 
towels were used, no subcutaneous sutures, and no drains. The 
skin was closed with superficial sutures of 4.0 silk or 4.0 nylon. 
All anastomoses were open, with no rubbershod or other 
occluding clamps. Antibiotics consisted of (1) neomycin and 
erythromycin by mouth, | gm each, at 2:00, 3:00, and 9:00 p.m. 
the day before surgery; (2) Garamycin, 80 mgi.v., at the start of anes- 
thesia and every 8 hours thereafter for 48 to 72 hours; and as 
in Dr. Lord’s presentation, a gram of kannamycin was dissolved 
in 500 ml of saline, -and lone third was placed in the peritoneal 
cavity, one third in the deep portion of the transverse abdominal 
incision, and one third, after closure of the skin, was injected 
in the subcutaneous wound. 

There have been no wound infections in.these 190 cases. I can't 
agree more with Dr. Dunphy that technique and hemostasis are 
the most important things, but I would urge all of you, as the 
oncologist uses multiple| drug therapy, that in potentially con- 
taminated and high-risk cases for infection, all of these vehicles 
be used. 

| 

DR. JULLIAN K. QUATTLEBAUM, JR. (Savannah, Georgia): Over 
the past 19 years in my personal series of vascular cases, 
which now is over 800, | penicillin has been instilled into every 
wound, unless the patient was allergic to it. 

Now, the series breaks down into approximately 500 carotid 
cases, about 100 abdominal aneurysms, and the rest scattered 
about peripherally, being aneurysms, endarterectomies, grafts, 
and embolectomies. 

Penicillin was chosen | because at the time this series started 
this was the drug of choice that was being given to people 
who had SBE, regardless of the organism involved, and my 
thought was that the most likely disastrous infection would be 
infection in a hematoma around a vascular surgery operation. 
And, certainly, the concentration of a million units dissolved 
in about 5 cc of fluid instilled into these wounds would lead to 
concentrations in excess of those which were gained in blood 
levels for the treatment of SBE, regardless of the organism. I 
have continued to use itj because it works. 

Now, it didn't take but about four years before we got an infec- 
tion in a carotid in a!patient who was allergic to penicillin. 
This was a person in Iwhom we had used a shunt, and pre- 
sumably the shunt was contaminated. So, sine then, in the people 
who are allergic to penicillin, we have been using neomycin, 
and more recently Keflex, unless their penicillin allergy was one 
suggesting a serious allergy to it. 

In this entire series there has been one primary infection, which 
IH speak about in detail. There have been occasional cases 


which would drain a heamtoma spontaneously, but in only two ~ 


such instances has this been significant, in terms of infection. 
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Both of these were people who were disasters, in that they had 
multiple thromboses, a lot of necrotic tissue, the wound opened 
up, and the dead tissue became infected. 

I really haven't paid attention to stitch abscesses, Dr. Lord, but 
I don't think that's really what we're talking about. We're 
talking about infections around the vessel. Stitch abscesses are 
usually prevented with neosporin ointment. 

The one infection that was of consequence was a man who 
developed an E. coli infection. about a second aortic graft. 
Because of poor general condition massive further surgery was out 
of the question. To make a long story short, the hematoma was 
aspirated and gentamycin and carbenicillin instilled in the space 
without drainage. He survived 6 months more without any evi- 
dence of infection, and died of uremia. 


DR. GARLAND D. PERDUE (Atlanta, Georgia): I don't want 
Dr. Griffen and Dr. Emst’s paper to go by without some comment 
on the significance of the positive cultures in the aortic wall. 
Those of us who are interested in mycotic aneurysms have 
noted a relative decline in the occurrence of embolomycotic 
aneurysm, and an increasing frequency of acquired infection in a 
preexisting arterial lesion from various sources of bacteremia which 
may occur. Antibiotics are therapeutic rather than prophylactic 
in these circumstances. 

The percentage of frequency which they report, I think, is most 
striking. The variety of organisms which have been recovered is 
equally striking, not only in their report but in others; and they 
range from the common pathogens to the extremely rare 
organisms. 

By way of anecdote, we have actually found now some five 
instances of Bacteroides infection in the arterial wall, indicating, 
I think, that anaerobes may be present, as well as aerobes. 


DR. CALVIN B. Ernst (Closing discussion): In view of the number 
of discussants and time constraints, allow me to close by making 
one or two comments. i 

It was with the hope of avoiding the dubious distinction of 
having to rise at a future meeting and discuss graft sepsis, Dr. 
Altemeier, that we really embarked upon this study. We agree 
with you, factual data are necessary if we are to solve the 
graft infection dilemma. I am delighted that Dr. Edwards has 
embarked upon such a study along these lines. Since such dismal 
results follow treatment of graft sepsis, it is recommended that 
potential septic factors be identified. The routine culture of 
aneurysm contents and intestinal bag fluid appears justified. 
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Upon identifying bacterial growth from either source, organism- 
specific antibiotics are required. However, since some aneurysms 
do not appear infected at operation, and since staphylococcal 
organisms predominate, we feel that antistaphylococcal entibiotics 
may be justified when abdominal aortic anuerysmectomy is 
performed. 


Dr. JERE W. Lorp, Jr. (Closing discussion): Dr. Dunphy and 
Dr. Altemeier, I am grateful for your discussions and also for 
the gentleness of your remarks. My associates and I were fearful 
that our presentation would evoke fiery criticism. Yes, we do 
believe in careful hemostasis and the other important funda- 
mentals involved in good operative technique. Our extension of 
the use of intraoperative antibiotic lavage to clean general 
surgical cases evolved from the apparent success we noted with 
its use in arterial procedures. Although a 1.5% postoperative 
wound infection rate is not a dismal one, to those patierts 
who have the infection it is unpleasant and occasionally a near 
disaster. To date our studies suggest that the postoperative 
wound infection rate could be considerably lower. 

As recorded in our paper, Dr. John Ochsner’s experimental 
study gave us added support to continue with antibiotic wound 
lavage. Today he brought to our attention a remarkable case 
wherein he not only saved the patient’s life with irrigations of 
Betadyne to overcome a full-blown infection, including a thoracic 
aortic prosthesis but also obtained complete healing. I sorely wisn 
that we had known of that technique with our 93-year-old man 
with the functioning suprapubic prosthesis. 

Dr. Belzer, I appreciate your comments. I agree that the use 
of antibiotic lavage is not necessary in the routine operative 
management of varicose veins. The thrust of our study was to 
jack up the precise critique of wound infection to that of & 
stitch abscess or erythema about each suture. Under these c:rcum- 
stances we were able to demonstrate with statistical significance 
the salutary effect of intraoperative antibiotic lavage. 

Dr. Hubbard and Dr. Quattlebaum are to be congratulated 
on their remarkable results in two significant series of patients. 

Dr. Edwards is to be commended on the sound clinical 
study he and his colleagues have embarked upon and we all will 
look forward to their report when completed. 

I appreciate Dr. Polk's comment as his work over the years in 
studies on wound infections is at the top of the list. 

Final I agree with Dr. Jesse Thompson that careful surgical 
technique is the bedrock upon which wounds will heal kindly and 
cleanly. 





>= —— - 


Intraoperative Antibiotic Wound Lavage: . 


An Attempt to Eliminate Postoperative Infection in Arterial and Clean 


General Surgical Procedures 


| 


JERE W. LORD, JR., M.D., GIUSEPPE ROSSI, M.D., MAURIZIO DALIANA, M.D. | 


Intraoperative antibiotic wound lavage has been used in all 
arterial reconstructive procedures for the past 7 years and 
reduced the incidence of early and late postoperative infec- 
tions from 1.5% in 400 operations prior to 1969 to 0.23% (one 
post-hospital) in 434 patients operated since that date. 

In 226 consecutive clean major general surgical procedures 
since June 1971 there has been no early or late wound infections 
following intraoperative antibiotic wound Javage in contrast to 
an infection rate of 1.5% in 185 operations prior to that date. 

A double blind study of 200 patients undergoing operations 
for varicose veins was carried out as follows: The wounds of 
alternate patients were irrigated either with normal saline or 
with antibiotic solution. There were no gross (grade II) post- 
operative wound infections. Minor skin changes were noted in 
93 of 632 incisions in the saline group and only 49 of 608 in- 
cisions irrigated with antibiotic solution (P « 0.001). 

In clean operations without antibiotic wound lavage there 
was a 0.73% rate of in-hospital wound infections in 685 patients 


in contrast to a zero rate in 760 patients wherein intraopera-: 


tive wound lavage was carried out throughout the operative 
procedure. 


NE OF THE MOST distressing postoperative compli- 


cations following clean surgical procedures is a 
wound infection. At times only a minor annoyance 
which prolongs hospital stay a few days, limb or life 
may be lost if an arterial prosthesis is involved. Alte- 
meier, in a classical study published in 1964, found a 
3.3% wound infection rate in clean cases during the first 


28 postoperative days. Mulholland and his colleagues!*: 


noted a 4% postoperative infection rate on their general 
surgical service. Neither group took into account the 
late appearance of an infection which in special circum- 
stances can be devastating such as wounds containing 
an arterial prosthesis and total hip replacements. 

An extensive literature is available on many aspects 
of the prevention of wound complications such as the 
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f 
role of operating room design?? and clean air,!! draping® 
and gowns,” control of carriers in the operating room 
personnel? prophylactic use of parenteral antibiotics’ 
and antibiotic wound lavage prior to closure in.such 


- arterial cases as renal transplantation.? 


Most authors agree on the fundamental concepts of 
gentle handling of tissues, thorough hemostasis, 
avoidance of dead space and the deleterious effects of 
drains. One outstanding report on infections involving 
arterial prosthesesiis that by Szilagyi and associates.!? 
They observed a rate of 5.5% postoperative wound 
infection which included grade I, involvement of the 
dermis only; grade II, subcutaneous wound infection; 
and grade III, involvement of the arterial implant. _ 
Although only grade III is of major clinical importance 
in arterial cases, grade II should be considered post- 
operative infection of the wound in arterial and in gen- 
eral surgical procedures and as such is included in our 
data cited below. 


; Clinical Material 


In March,-1969, a 61 year old male underwent a 
thromboendarterectomy of his right femoro-popliteal 
artery in the adductor canal with an autologous vein 
graft roof patch 7 cm long. Five zero silk was the suture 
employed. The postoperative course was uneventful 
and he was discharged on the tenth day. His inter- 
mittent claudication was relieved but while walking 
near his home on the 14th postoperative day he sud- 
denly felt severe pain in his right thigh which was 
followed by progressive swelling. He was readmitted 
promptly with à hemoglobin of 10.3 Gm/dl and hema- 
tocrit of 32 Vols%. When the graft was exposed, a 2 mm ^ 
dehiscence of one suture line was noted. Culture was 
taken and a mattress suture of five zero silk closed 
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the opening. Two polyethylene catheters were placed 
in the wound and tacked to the fascia 1 to 2 cm from 
the graft. During the next four days a continuous 
drip of 4000 ml of a saline solution containing 0.5% 
neomycin was instilled daily through one of the cath- 
eters and the other catheter was attached to a suction. 
Culture yielded a pure growth of Staphylococcus albus 
coagulase negative (epidermidis). The catheters were 
removed on the fourth postoperative day. The patient 
recovered fully and has. had a functioning graft for the 
past 7 years, without complications. 

Reasoning that if it is possible to overcome an es- 
tablished wound infection with antibiotic irrigation, 
prevention of an infection at the time of operation by 
antibiotic lavage should be a realistic goal. Beginning 
in April, 1969, all patients undergoing arterial recon- 
structive procedures have had antibiotic wound lavage. 
For the first two years we used a 0.196 solution of 
neomycin for intraperitoneal lavage and 0.2% solution 
for peripheral operative sites. For the past five years 
we have employed a 0.1% solution each of kanamycin 
and of cephalothin for intra-abdominal procedures and 
0.2% solution of each antibiotic for peripheral wounds. 
Depending on the procedure, between 500 and 1500 ml 
are irrigated during the entire operation. A 50 ml bulb 
syringe is used and the wounds moistened inter- 
mittently from the primary incision until closure of 
the wound. 

This study was divided into three parts. First, we 
compared our experience without antibiotic lavage in 
arterial procedures prior to April 1969 with those pro- 
cedures since that date employing antibiotic wound 
lavage in all patients. Second, we compared postopera- 
tive wound infection rates in clean major general 
surgical procedures prior to June 1971 with those opera- 
tions since that date when we instituted antibiotic 
wound lavage in all cases in this category. Third, in 
January, 1973, we began a double blind study involving 
200 patients operated upon for varicose veins. Every 
second patient had antibiotic wound lavage and alter- 
nate patients had their wounds irrigated with normal 
saline solution. The average quantity of solution used 
in these operations has been 250 ml. There have been 
no gross infections but minor changes were noted in 
some incisions in each group. A single stitch abscess 
or halo of erythema around each skin suture of an 
incision was considered a minor wound infection. All 
patients operated upon during the three phases of this 
study were private patients of the senior author. 


Results 


Prior to April, 1969, 400 consecutive arterial recon- 
structive procedures were followed by 6 wound infec- 
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TABLE 1. Arterial Procedures 


Total Operations Wound Infections 


400 No lavage 6 


434 Antibiotic lavage I* 


* Infection appeared five months post-operatively. 


tions which appeared between one week and 8 months 
postoperatively. In 1959, a 66 year old caucasian female 
was markedly disabled by a high occlusion of her in- 
frarenal abdominal aorta. Thromboendarterectomy of 
the aorta with a dacron bypass to the right external 
iiac artery and to the left common femoral artery 
led to an excellent result. Postoperatively she was 
well for 8 months when a swelling appeared in the 
left groin, ruptured spontaneously and drained foul 
smelling pus. The left limb of the prosthesis had oc- 
cluded shortly before this episode. In spite of vigorous 
local and parenteral antibiotics she died some 7 weeks 
later. Autopsy failed to disclose the origin of this infec- 
tion. The other five patients lived and did not lose an 
extremity. 

From April, 1969, through September, 1976, 434 
arterial procedures with intraoperative antibiotic 
lavage were followed by one postoperative infection 
five months after a femoro-femoral bypass with a 
dacron prosthesis in a 93 year old male. He had 
undergone two suprapubic prostatectomies and a left 
hemicolectomy through vertically placed midline inci- 
sions during the 12 years prior to his arterial pro- 
cedure. Ulcerated lesions on his left foot healed follow- 
ing the graft. Approximately five months postopera- 
tively he returned with a swollen, reddened left groin 
which was draining purulent material. A pure growth 
of Proteus mirabilis was obtained. Possibly this organ- 
ism had lain dormant subcutaneously in the suprapubic 
area and was inoculated when the prosthesis was 
tunnelled from one groin to the other. In spite of 
several operative procedures including irrigation with 
antibiotic fluid, the wound did not heal. Two months 
later the functioning graft, which had neither bled nor 
thrombosed, was removed. Several months later the 
left leg required an above knee amputation. This 
patient represents our only grade III infection and we 
had no grade II infections (Table 1). 

Prior to June, 1971, a consecutive series of 185 
clean general surgical procedures were reviewed 
and three patients developed postoperative wound 
infections. One hernioplasty in an obese man was 
followed by a deep infection with E. coli which 
cleared several weeks after removal of the purse- 
string suture of two zero silk used for closure of the 
neck of the indirect sac. Fortunately the hernia has 
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TABLE 2. Clean General Surgical Procedures 
Total Operations Wound Infecions 


185 
226 


No lavage 3 
Antibiotic lavage 0 


not recurred over the past 6 years. One pstient 
developed a Staphylococcus aureus coagulase positive 
infection following a lumbar sympathectomy. The third 
infection followed radical axillary lymph node dssec- 
tion and a pure growth of Staphylococcus epidermidis , 
coagulase negative was cultured from the discharge. 

Beginning in June 1971 all clean general su-gical 
procedures have had intraoperative antibiotic wound 
lavage of 300—500 ml of a 0.2% solution of kanamycin 
and cephalothin. A total of 226 procedures have been 
followed by no infections in the hospital or subsequent 
to discharge (Table 2). 

A double blind study of 200 patients with varicose 
veins wherein the incisions of alternate cases we-e irri- 
gated with normal saline and the others with 0.2% 
kanamycin and cephalothin solution yielded the follow- 
ing results. In the control group, 632 incisions were 
irrigated with saline solution and were followec by 93 
minor skin changes as defined earlier in this paper. 
In the antibiotic group, 608 incisions were followed by 
49 minor skin changes, P « .001* (Table 3). 

Table 4 shows our total experience with antibiotic 
wound lavage compared with patients in the three 
groups wherein no topical antibiotic was used 


Discussion 


Postoperative infection of clean operative wounds 
has many implications. Hazard to life may »e only 
minor but greater or lesser disability prolcngs the 
hospital stay and increases costs to the patient, 
hospital and insurance carriers. According -o Alte- 
meier,? approximately 9.83 billion dollars a-e spent 
annually because of postoperative wound irfections 
alone. There is further risk of cross-contamination of 
other patients and of personnel caring for tnese pa- 
tients. If non-absorbable material is used, suture 
abscesses and sinuses may be troublesome and require 
removal, either piecemeal or by a definitive operative 
procedure. Unless a monofilament or wire suture has 
been employed, incisional hernias are .ikely to 
develop. 

Of far greater importance is postoperative. infection 
of an arterial prosthesis. Szilagyi and his associates!? 
stated that ''in vascular operations— particularly in 


* Chi-squared test: 
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cases in which synthetic arterial substitutes are used 
—-infection at the sité of repair is a complication 
that may pose difficult'problems of healing and often 
results in loss of life and limb." They‘observed in 
autogenous vein grafts' a 6.7% infection rate of grade 
II severity (subcutaneous infection not involving the 
graft) and a 0.4% grade III infection (involvement of 
the vein graft). In regard to synthetic grafts (pros- 
theses), their infection rate was 3.596 in a total of 
2138 operations. T'wo per cent were of grade II severitv 
and 1.5% were grade, III. Their highest incidence of 
grade III infections occurred in synthetic grafts in- 
volving the femoral artery in the groin. 

Our own material shows no grade II infections and 
only one grade III infection in a consecutive series 
of 434 arterial procedures wherein intraoperative anti- 
biotic wound lavage; was employed (0.23%). In all 
arterial procedures we used an antibiotic intravenously 
begun preoperatively before the incision. Szilagyi? 
is critical of the use of parenteral antibiotics pro- 
phylactically and does not mention antibiotic wound 
lavage. The only possible exceptions for the use of 
parenteral antibiotics in his report are in patients 
with poor hygiene, ‘lowered immune response and 
possibly in patients, wherein the prosthesis will be 
joined to the femoral artery in the groin. 

We have reduced dermal problems in groin incisions 
by changing from interrupted vertical mattress sutures 
of synthetic material to a technique whereby con- 
tinuous four zero nylon is placed intradermally and 
brought out each end of the skin closure to be removed 
on the seventh postoperative day. An alternative suture 
with the same placement is the synthetic absorbable 
four zero suture of vicryl® or dexon.® 


One of the most stimulating papers dealing with the 


local use of antibiotics under experimental conditions 
is the report by Ochsner and his associates. Under 
aseptic conditions 'in the dog, they sutured a pros- 
thetic patch of dacron into an arteriotomy of the 
femoral artery. All'wounds were contaminated with 1 
ml of a standardized bacterial broth solution containing 
hemolytic Staphylococcus aureus coagulase positive in 
a concentration of 8 million organisms per cubic 
centimeter. In 6 control dogs there was no irrigation. 
In 10 dogs, wounds were irrigated with 100 ml of 
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TABLE 3. 200 Varicose Vein Procedures 


Minor 


Total Incisions Wound Infections” 


632 
608 


| No lavage 93 


| Antibiotic lavage 49 


* One stitch abscess-or halo of erythema around each skin suture. 
: 
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normal saline solution and in 24 dogs the wounds 
were irrigated with 100 ml of a solution containing 
0.2% kanamycin and 5000 units of bacitracin. They 
observed disruption of all anastomoses wherein there 
was no irrigation and similar results in wounds irrigated 
with saline. In the 24 treated wounds primary healing 
of the prostheses to the arteries occurred without leak- 
age. In all 24 wounds on examination 7 days post- 
operatively cultures were positive for Staphylococcus 
aureus . In a second study with the prosthetic patches 
inoculated with the same dose of Staphylococcus 
aureus and irrigated with the same antibiotics, they 
noted that at 6 weeks all prosthetic patches were 
well united to the host artery and that cultures were 
all sterile. It seems clear that the instilled antibiotics 
had a continuing bactericidal action on the Staphylo- 
coccus beyond the first week. 

Another important experimental study is that by 


© Richardson et al.!* who soaked pieces of knitted 


dacron arterial prostheses in either sterile saline or in 
a solution containing 10% cephalothin or 10% loridine 
and implanted them in guinea pigs. They concluded 
that ‘‘the prevention of abscess formation was marked 
in comparison with that of the saline controls.” 

Scherr and Dodd" found that the majority of 19 
strains of pathogenic aerobic bacteria were sensitive 
to a 15 second exposure to several antibiotics. They 
concluded that ''. . . antimicrobial solutions as 
wound irrigants may reduce postoperative infection 
rates by killing bacteria which contaminate the surface 
of the wound during operation." 

Clinically Casten and his associates* used antibiotic 
wound lavage in clean general surgical procedures and 
reduced their in-hospital incidence of potoperative 
wound infection from 3.5% to 0.27%. They had similar 
success with clean-contaminated cases wherein their 
postoperative wound infection rate was reduced from 
7.0 to 2.4%. 

Belzer? observed in patients undergoing renal trans- 
plantation that postoperative wound infection rate was 
reduced from 5.0 to 0.595 in primary operations and 
from 28.6 to 4.876 in re-operated patients by anti- 
biotic wound lavage employed only at the time of 
wound closure. 

Ryan's!* analysis of a large personal series of hernio- 
plasties reported reduction of postoperative wound in- 
fection rom 1.54% in 5439 cases to 0.18% in 1310 opera- 
tions. He instilled a total of 10 ml of a saline solu- 
tion containing 500,000 units of penicillin deep and 
superficial to the external oblique fascia prior to 
closure. 

Stinchfield and his colleagues? used prophylactic 


—.. parenteral antibiotics combined with local irrigation of 


1000 ml of sterile solution containing 2 gm of oxacillin 
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TABLE 4. Combined Clean Procedures 





Total Operations Wound Infections 





685 No lavage i 9 
760 Antibiotic lavage I* 





* Infection appeared five months post-operatively. 


in 500 total hip replacements and observed only one 
postoperative deep wound infection. 

Taylor? has shown that local irrigation with saline 
has little or no value as far as preventing postopera- 
tive wound infection other than the possible benefit 
which may be derived by the washing out ''of fat, 
detritus and blood clots which might act as a foreign 
body nidus encouraging bacterial growth.” 

We conclude that the reduction of postoperative 
wound infection in the three phases reported in this 
study is directly related to the antibiotics dissolved in 
the saline solution used for intraoperative lavage. 
Finally, it may be prudent in all patients with arterial 
prostheses to have oral or parenteral antibiotic cover- 
age when undergoing dental or gingival care or other 
procedures when there is the possibility of a transient 
bacteremia.? 
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DISCUSSION 


Dg. FOLKERT O. BELZER (Madison, Wisconsin): Mr. Chairman, 


members and guests: I rise to discuss Dr. Lorc's paper because ` 


I am a believer in local antibiotics. 

However, I would again remind the audience that, although 
the experimental evidence is irrefutable, there are about as 
many papers in the literature suggesting that local antibiotics 
are worthless as there are papers suggesting that they are good. 
And looking over the audience, I would bet that 90% of the 
surgeons in this audience do not use local antibiotics routinely 
in their patients. 

(Slide) Perhaps the problems of some of these studies are 
these three things: first, the choice of the wound— and I hope 
Dr. Lord won't mind if I suggest that variccse vein is still a 
clean wound which I do not think is the best to study the efficacy 
of local antibiotics. I will talk a little bit more about that in the 
next couple of minutes. 

Second, I think the choice of antibiotics in some studies has 
been inappropriate, such as the use, for instance, of ampicillin 
in large bowel wounds where you really have to protect against 
pseudomonas and bacteroides. 

And finally, the manner of the study may present a problem. 
For instance, I think comparing one period against another 
period, or one hospital against another hospital, is really not the 
way to do a well-controlled study. 

(Slide) In general, I believe that to show the efficacy of local 
antibiotics in clean wounds would be very difficult to do, because 
most of those wounds should heal without any problem. I would 
make an exception in the clean wounds in high-risk patients, 
such as moderate obesity, patients with leukemia, etc., or if a 
foreign body is introduced, because we all know that with a 
foreign body, a small inoculum can set off a wound infection 
where otherwise there would be none. 

The contaminated wound, especially the clean contaminated 
wound, is the ideal situation where local antibiotics should be used. 
I think the heavily contaminated wound is still treated better 
by secondary closure. And, of course, in the infected wounds 
it should not be used. 

(Slide) A couple of years ago we published a series where we 
looked at kidney transplantation wounds. We all know that 
transplant patients are very prone to infection, including wound 
infection. Also, by opening the bladder, (especially if this has been 
defunctionalized for some time), the wound is very often con- 
taminated. We looked st two types of operations, the primary 
transplant wound and the secondary transplant wound. In the 
primary wound, without local antibiotics, the wound infection 
rate was 5%, which is actually slightly lower than many other 
published series. This, however, was reduced to 0.5% when 
local antibiotics, consisting of neomycin and bacitracin, were 
utilized at the time of the operation. 

Even more important, the reopened wound, which was usually 
for transplant nephrectomy, and the patient had been on 
steroids, etc., local antibiotics reduce the wound infection rate 
from 28.6% to 4.8%. So I think that the use of local antibiotics in 
. the appropriate wound is excellent treatment. 
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Dr. J. ENGLEBERT DuNpHY (San Francisco, California): These 
are two, I think, fascinating:and very important papers, and what 
I get out of them—particularly Dr. Griffen's paper—is another 
example of the fact that an enormous amount of wounds are 
exposed to bacterial contamination, and only a small number become 
infected. There is-a very real natural resistance to infection in 
clean wounds, provided it is not made a bacterial culture by the 
inept or inappropriate handling of the tissue. 

The second point that I would make is that if we are to use any- 
thing prophylactically, we have got to be sure there's no loss. 
Everything that is done prophylactically has some potential dis- 
advantages; and for that reason, I think, if we are going to use 
local or systemic antibiotic. therapy, we should be using it for a 
specific, clearcut gain. And I don't see the difference in, say, 
a hernia wound, with an infection rate of 0.896, which Dr. Altemeier 
has reported— our own figures ran around 196—to use an anti- 
biotic in that situation, and run the risk of allergy, sensitivitv 
to the antibiotic, or other complications that are hard to foresee 
is inappropriate. 

But where we have a major loss if infection occurs, as in vascular 
surgery, as in all the situations in which prosthetics ae used, 
then some type of antibiotic usage is appropriate. And if it can 
be shown to be as effective as it appears to be in the study 
today, local, topical application would certainly seem to be in 
order. 

So that [ would leave you with this message. Topical anti- 
biotics are not worth it if. you are a good surgeon and have an 
appropriately low incidence of wound infection. In my view, 
this is a very critical pomt, because there are a number of 
studies appearing in the literature, particularly from our friends 
in Great Britain, reporting a 10%, 15%, or 20% incidence of 
wound infection in clean wounds; and then antibiotics are given 
to lower the figure to, say, 5%. 

i 

Dr. CanLos M. CHAVEz'(Jackson, Mississippi): A few years ago, 
Dr. Conn and I reported our experience at this meeting with 
infected arterial prostheses. Since then we have looked for 
factors that could be implicated in the development of infection 
in our vascular cases. 

We have obtained cultures from the contents of the plastic 
intestinal bag used in our intraabdominal arterial cases. These 
cultures were obtained at the end of the procedure in the last 
33 consecutive patients. All but one of the cultures were reported 
negative. The only positive culture grew out Staph epidermidis. 

This patient with the positive culture has not shown any evi- 
dence of intraabdominal infection in 1—1!2 years following surgery. 
The mean time that we kept the gut inside of the plastic bag 
in this series was around 30 minutes. I believe that this may 
have some implication in the development of positive cultures. 

We also have been very careful not to constrict the bowel or 
mesenteric structures with the tie that comes with the intestinal 
bag. If it is too tight, it may create a situation similar to a strangula- 
tion obstruction, and we all know well that this is a very good 
set-up for the transudation of bacteria into the bag. 

Therefore, I don't believe that the use of the Lahey bag con” 
stitutes a significant factor in the occurrence of post-operative 
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infection following intra-abdominal arterial surgery, as reported 
by Dr. Ernst. No patient with an infected prosthesis had a 
positive culture from the Lahey bag. 


DR. WILLIAM A. ALTEMEIER (Cincinnati, Ohio): Since my name 
has been mentioned a number of times, I thought I should give 
you some ideas that occurred to me during the presentation 
of these two papers and the discussion which followed. 

Both are very interesting papers, and they add information 
which we need to develop plans for reducing postoperative 
wound infections to a minimum. 

The Manual on Control of Infections which has just been pub- 
lished by the Committee on Control of Infection of the Pre- 
and Postoperative Care Committee of the American College of 
Surgeons stresses many of the points which Dr. Dunphy just men- 
tioned, and some of those which were presented in the two 
papers. 

in the preface of this Manual are statements that emphasize 
the lack of factual information that we have available to us as 
surgeons for the prevention of infection, and the more research 
that we can do to provide us with factural information as to 
the microbial and non-microbial determinants of infection in 
surgical patients the better. 

For example, in the ultraviolet study that was alluded to, the 
average incidence of infection was 3.396. However, if this figure 
was broken down into those for the five hospitals, they varied 
from 0.7% to 11.896. This difference, of course, has to be ex- 
plained. Personally, I think that one of the problems we have is 
that during many operations contamination occurs which makes a 
clean, elective type of wound a contaminated wound, and perhaps 
under these circumstances local irrigation is of value. On the 
other hand, 1 do not use local irrigation at the University of 
Cincinnati Medical Center, Dr. Alexander feels that transplant 
patients under vigorous immuno-suppressive therapy are probably 
benefited by topical antibiotic therapy. 

My own clinical and experimental experience, including the 
paper which Dr. Culbertson and I presented in 1961, indicates 
that the endogenous contamination in clean contaminated wounds 
is a significant cause of infection, and that this type of con- 
tamination may occur as long as two, three, or four days post- 
operatively. We have concluded that the topical antibiotic therapy 
is of relatively little value under these conditions. 


Dr. WILLIAM H. ED wanDs (Nashville, Tennessee): In order to try 
to supply more factual information, and in keeping with Dr. Griffen's 
recommendations on his conclusion, we are now buffering all 
abdominal aortic aneurysms; but, more importantly, we are trying to 
determine the role of antibiotics in otherwise clean peripheral 
vascular surgery. We have undertaken a prospective randomized 
double-blind study for all clean reconstructive peripheral vascular 
procedures, in order to try to determine what role systemic 
antibiotics should play. 

(Slide) In keeping with Dr. Szilagyi's paper in 1972 in which he 
described the three types of wound infections — No. 1, epidermis 
only; No. 2, deep infections, but not involving the prosthesis; and No. 
3, the prosthesis—- we are dividing our patients into two co-groups, 
one of which receives a material called Placeps, a placebo, the other 
receiving the antibiotics. 

This study began in February. We reviewed the material in 
September, to try to determine what our statistics might begin to 
show. We have eight wound complications which are actually 
infections, two occurring in the Group 3, five in Group 2, one in Group 
1. You will note that these are predominantly Code B. 

In addition, the systemic reactions of rash and tubylis also are in 
Code B. We have wound drainage without pus in five cases, again 
four of them in Code B. Erythema reactions in the wounds, without 
any actual infection or pus, interestingly enough, were in Code A, and 
_ less so in Code B. 

We would hope that we could from this study determine what place 
systemic antibiotics should have in the otherwise clean vascular 
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procedure. Dr. Szilagyi in his comments in 1972 that Dr. Lord 
referred to indicated the many problems that such a study will create, 
and we are aware of this. This study is going on in one operating suite, 
with, predominantly, three vascular surgeons and their patients being 
included in the study. Hopefully, we might get some meaningful data 
from this. 


Dr. BERNARD W. THOMPSON (Little Rock, Arkansas): For the past 
6 months we have been carrying out a similar study. We have cultured 
the contents ofthe Lahey bag in all patients undergoing elective aortic 
surgery, whether for aneurysm or occlusive disease. Positive cultures 
were found in only an occasional patient, and the predominant 
organisms have been Gram negative, So far, we have not had a graft 
infection in this group. We are therefore not really sure that there is 
clinical significance to a positive culture at time of surgery at least 
when it comes from the bag in which the intestines have been isolated 
for a prolonged period. 

The data presented by Dr. Ernst adds further evidence for the need 
for prophylactic antibiotics in patients undergoing aortic surgery. We 
certainly do use prophylactic antibiotics in all patients in which we 
insert a prosthetic material. 

Shortly before undertaking our study, we had a graft infection due 
to Serratia which led to a fatality. I would like to ask Dr. Ernst if he 
recommends adding a specific antibiotic for control of anaerobes. 

During the past five years we have also seen four other patients who 
have developed lymphoceles in their groins some 6 to I8 months 
following aortofemoral grafting. Repeated aspirations and drainage 
eventually led to graft infection with ensuing fatal complications. Dr. 
Ernst has tried to define a cause, and prevent development, of early 
graft infection. I would like to ask him: What causes these late 
lymphoceles to develop? How can we prevent them? And if we do, 
how can we treat them? 


Dr. JoHN L. OcHSNER (New Orleans, Louisiana): I believe 
Dr. Lord's statistics clearly show to me that prophylactic 
bactericidal antibiotics do have a place. | am a betting man, 
and ld like to take on Dr. Belzer's bet that less than 90% 
of people in this organization use prophylactic antibiotics. 
Maybe the Moderator will show a show of hands before it's 
over. 

Following our experimental use of the antibiotics in the infected 
graft site, we have continued to use antibiotics as an irrigation 
as long as they are bactericidal in origin. We have used kanamycin, 
0.2%, to which is added 50,000 units of bacitracin in a 
thousand cc. In recent years we have extended the use of 
antibiotics to the sterilization of infected prostheses, but have 
added Betadine as our primary bactericidal agent. 

I'd like to share with you, to exemplify the effectiveness of 
this drug, an experience that we had about two vears ago, 
when we did a Rastelli procedure for a Type I truncus arteriosus, 
in which we used as a conduit from the right ventricle to the 
pulmonary artery, a Hancock Prosthesis, which was Dacron with 
a xenograft valve. 

About a week later it became obvious that this greft was in- 
fected, and we explored the left chest and found it floating in 
pus; and since there was no way to circumvent this area, we 
decided the only thing to do was to try to sterilize the entire left 
pleural space. We irrigated this cavity with the Betadine for about 
one week. The patient became iodine toxic, so we called the 
company that makes Betadine, and they informed us that the 
bactericidal effects of the drug are stil the same up to a 
dilution of 1:30. So we changed the dilution to 1:20 from a 
full strength, and irrigated the cavity for a month's period. 

That's been two years now, and this child has continued to 
do well without any evidence of infection. 

At the present time we feel that Betadine should be used as the 
primary agent— bactericidal agent-—in any operative field that 
contains a prosthesis in which there is evidence of contamination 
or infection, and reserve the use of the routine bactericidal 
antibiotics for clean wounds, but in which there is a cardio- 
vascular prosthesis. 
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Dr. HIRAM C. POLK, Jr. (Louisville, Kentucky): I would make two 
comments. Dr. Dunphy, with the classic biologic insight of the wound- 
healer, has put this ‘‘risk and reward’’ business in the right 
perspective. While we’ve had some success with systemic anti- 
biotics, every time one chooses to do that, one has to carefully weigh 
the disadvantages of that choice. I think that's exemplified by Dr. 
Lord's efforts today. 

I have had the chance to look at Dr. Lord's paper, and note 
that he begins, as has been too often the case, with a testimonial 
about how antibiotics do better in a certain group of patients. 
Whether you like the study or not, his careful, controlled trial 
of the varicose vein operations is one of tne few examples 
that seems to really show that topical antibiotic use in this 
situation is beneficial, in a refined, clean operation. 

For that reason it's especially notable, and adds a dimension 
to the usual sort of testimonials that have occurred in this 
field for some time. 

I would take one point of disagreement with him. I think the 
principle outlined both by Dr. Dunphy, that the choice of anti- 
biotic ought to be one for local use that is a little bit toxic 
for systemic use, and in that way we are more likely to preserve 
the useful and safe systemic agents for their use as such, using 
those agents locally which are sufficiently toxic that they have 
loca] effect, but you don't need to call on them for systemic 
use when the inevitable development of resistant forms occurs; 
by doing so we can improve the over-all economy of the effort. 


Dr. Jesse E. THOMPSON (Dallas, Texas): I would like to direct 
my remarks to Dr. Lord’s paper. I agree with his concept that 
topical antibiotics are a useful adjunct in vascular surgery. We have 
used them for many years, and at the present employ a mixture 
of neomycin, bacitracin, and polymyxin as the irrigating solution 
in selected groups of cases. For example, we have used topical 
antibiotics routinely in aortoiliac reconstructions for both aneurys- 
mal and occlusive disease in more than 900 private cases, and have 
not had a single case of graft or artery infection, although 
systemic antibiotics are also used. 

Now, in more than 1000 carotid endarterectomies, no antibiotic 
irrigation was used, and only one superficial wound infection, 
with no artery infection, has occurred. Systemic antibiotics were 
not used. These operations are short, are in the neck, and no 
graft or prosthetic material is present. 

As has been pointed out, there are many factors responsible 
for wound infections, an important one being meticulous surgical 
technique and the avoidance of hematomas. I do believe, however, 
that topical antibiotics are a useful adjunct in vascular surgery 
where an aortoiliac reconstruction is carried out, since the opera- 
tions are frequently long, may be complicated, Dacron grafts 
are usually employed, and the groins are frequently opened, 
adding significantly to the possibility of contamination and 
infection. So I too recommend their use under these circum- 
` stances. 


DR. T. BRANNON HUBBAD, JR. (Baltimore, Maryland): I would 
like to direct my discussion to Dr. Lord’s paper, and agree with 
his findings. Not only has Dr. Lord shown that local wound irriga- 
tion does good, but other members of our society have shown 
that parenteral antibiotics prophylactically onboard before the 
date of contamination, and thereafter for 48 hours or so, 
and intestinal antibiotics when the G. I. tract is invaded—that 
all of these three modalities do good. 

Dr. Milton Edgerton and his group also have shown in a little 
article you may have read a year or so ago in the experimental 
animal that subcutaneous sutures predispose to infection. And 
there’s also evidence that skin towels do no good, and that 
Vidrape may very well do harm. 

Every study that has been done has necessarily, to prove its 
point, involved only one of these vehicles; and I thought you 
might be interested in a series of cases in which all these 
modalities have been used. 


LORD, ROSSI AND DALIANA 


Ann, Surg. e June 1977 


—— 
t—— ee Ó — —— 


Patients who undergo jejunoileal bypass for morbid obesity are 
an ideal group in which to test such a regimen, since many 
reported series list a wound infection rate of 20% or better, 
and one is dealing with an open intestine and a thick, fatty 
panniculus. | 

We have done 190 jejunoileal bypasses. In thee patients no skin 
towels were used, no subcutaneous sutures, and no drains. The 
skin was closed with superficial sutures of 4.0 silk or 4.0 nylon. 
All anastomoses were open, with no rubbershod or other 
occluding clamps. Antibiotics consisted of (1) neomycin and 
erythromycin by mouth, 1 gm each, at 2:00, 3:00, and 9:00 p.m. 
the day before surgery; (2) Garamycin, 80 mgi.v., at the start of anes- 
thesia and every 8 hours thereafter for 48 to 72 hours; and as 
in Dr. Lord’s presentation, a gram of kannamycin was dissolved 
in 500 ml of saline, and one third was placed in the peritoneal 
cavity, one third in the deep portion of the transverse abdominal 
incision, and one third, after closure of the skin, was injected 
in the subcutaneous wound. 

There have been no wound infections in these 190 cases. I can't 
agree more with Dr. Dunphy that technique and hemostasis are 
the most important things | but I would urge all of you, as the 
oncologist uses multiple drug therapy, that in potentially con- 
taminated and high-risk cases for infection, all of these vehicles 
be used. 


Dr. JULLIAN K. UEE rete Jn. (Savannah, Georgia): Over 
the past 19 years in my personal series of vascular cases, 
which now is over 800, penicillin has been instilled into every 
wound, unless the patient was allergic to it. 

Now, the series breaks, down into approximately 500 carotid 
cases, about 100 abdominal aneurysms, and the rest scattered 
about peripherally, being, aneurysms, endarterectomies, grafts, 
and embolectomies. 

Penicilin was chosen because at the time this series started 
this was the drug of choice that was being given to people 
who had SBE, regardless of the organism involved, and my 
thought was that the most likely disastrous infection would be 
infection in a hematoma' around a vascular surgery operation. 
And, certainly, the concentration of a million units dissolved 
in about 5 cc of fluid instilled into these wounds would lead to 
concentrations in excess;of those which were gained in blood 
levels for the treatment of SBE, regardless of the organism. I 
have continued to use it, because it works. 

Now, it didn't take but about four years before we got an infec- 
tion in a carotid in a patient who was allergic to penicillin. 
This was a person in whom we had used a shunt, and pre- 
sumably the shunt was contaminated. So, sine then, in the people 
who are allergic to penicillin, we have been using neomycin, 
and more recently Keflex, unless their penicillin allergy was one 
suggesting a serious allergy to it. 

In this entire series there has been one primary infection, which 
Pll speak about in detail. There have been occasional cases 

, . i . 
which would drain a heamtoma spontaneously, but in only two 
such instances has this [been significant, in terms of infection. 
Both of these were people who were disasters, in that they had 
multiple thromboses, a lot of necrotic tissue, the wound opened 
up, and the dead tissue became infected. 

I really haven’t paid attention to stitch abscesses, Dr. Lord, but 
I don’t think that’s really what we're talking about. We're 
talking about infections laround the vessel. Stitch abscesses are 
usually prevented with neosporin ointment. . 

The one infection that was of consequence was a man who 
developed an E. coli infection about a second aortic graft. 
Because of poor general condition massive further surgery was out 
of the question. To make a long story short, the hematoma was 
aspirated and gentamycin and carbenicillin instilled in the space 
without drainage. He survived 6 months more without any evi- 
dence of infection, and died of uremia. 

| 


Dr. GARLAND D. PERDUE (Atlanta, Georgia): I don’t want 
Dr. Griffen and Dr. a d paper to go by without some comment 
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on the significance of the positive cultures in the aortic wall. 
Those of us who are interested in mycotic aneurysms have 
noted a relative decline in the occurrence of embolomycotic 
aneurysm, and an increasing frequency of acquired infection in a 
preexisting arterial lesion from various sources of bacteremia which 
may occur. Antibiotics are therapeutic rather than prophylactic 
in these circumstances. 

The percentage of frequency which they report, I think, is most 
striking. The variety of organisms which have been recovered is 
equally striking, not only in their report but in others; and they 
range from the common pathogens to the extremely rare 
organisms. 

By way of anecdote, we have actually found now some five 
instances of Bacteroides infection in the arterial wall, indicating, 
I think, that anaerobes may be present, as well as aerobes. 


Dr. CALVIN B. Ernst (Closing discussion): In view of the number 
of discussants and time constraints, allow me to close by making 
one or two comments. 

It was with the hope of avoiding the dubious distinction of 
having to rise at a future meeting and discuss graft sepsis, Dr. 
Altemeier, that we really embarked upon this study. We agree 
with you, factual data are necessary if we are to solve the 
graft infection dilemma. I am delighted that Dr. Edwards has 
embarked upon such a study along these lines. Since such dismal 
results follow treatment of graft sepsis, it is recommended that 
potential septic factors be identified. The routine culture of 
aneurysm contents and intestinal bag fluid appears justified. 
Upon identifying bacterial growth from either source, organism- 
specific antibiotics are required. However, since some aneurysms 
do not appear infected at operation, and since staphylococcal 
organisms predominate, we feel that antistaphylococcal antibiotics 
may be justified when abdominal aortic anuerysmectomy is 
performed. 


Dr. Jere W. Lorp, Jr. (Closing discussion): Dr. Dunphy and 
Dr. Altemeier, I am grateful for your discussions and also for 
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the gentleness of your remarks. My associates and I were fearful 
that our presentation would evoke fiery criticism. Yes, we do 
believe in careful hemostasis and the other important funda- 
mentals involved in good operative technique. Our extension of 
the use of intraoperative antibiotic lavage to clean general 
surgical cases evolved from the apparent success we noted with 
its use in arterial procedures. Although a 1.596 postoperative 
wound infection rate is not a dismal one, to those patients 
who have the infection it is unpleasant and occasionally < near 
disaster. To date our studies suggest that the postoperative 
wound infection rate could be considerably lower. 

As recorded in our paper, Dr. John Ochsner's experimental 
study gave us added support to continue with antibiotic wound 
lavage. Today he brought to our attention a remarkable case 
wherein he not only saved the patient's life with irrigations of 
Betadyne to overcome a full-blown infection, including a thoracic 
aortic prosthesis but also obtained complete healing. I sorely wish 
that we had known of that technique with our 93-year-old man 
with the functioning suprapubic prosthesis. 

Dr. Belzer, I appreciate your comments. I agree that the use 
of antibiotic lavage is not necessary in the routine operative 
management of varicose veins. The thrust of our study was to 
jack up the precise critique of wound infection to that of a 
stitch abscess or erythema about each suture. Under these circum- 
stances we were able to demonstrate with statistical significance 
the salutary effect of intraoperative antibiotic lavage. 

Dr. Hubbard and Dr. Quattlebaum are to be congratulated 
on their remarkable results in two significant series of patients. 

Dr. Edwards is to be commended on the sound clinical 
study he and his colleagues have embarked upon and we all will 
look forward to their report when completed. 

I appreciate Dr. Polk’s comment as his work over th2 years in 
studies on wound infections is at the top of the list. 

Finally I agree with Dr. Jesse Thompson that careftl surgical 
technique is the bedrock upon which wounds will heal kindly and 
cleanly. 
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Small intestinal morphologic and biochemical changes were 
studied following jejuno-ileal bypass for obesity after body 
weight stabilization had occurred. Four patients underwent 
biopsy of in-continuity and bypassed jejunal and ileal seg- 
ments of the small intestine 11 to 22 months after the 
bypass operation. Microscopically, marked mucosal villus 
hypertrophy of the in-continuity bowel was observed, especially 
in the ileum. Bypassed jejunal mucosa underwent atrophy 
compared with pre-bypass jejunum, whereas bypassed ileum 
appeared similar microscopically to pre-bypass ileum. The 
specific activities of mucosal disaccharidase enzymes (maltase, 
sucrase, lactase and trebalase) in units per mg protein remained 
similar to pre-bypass levels in segments of the in-continuity 
jejunum and the bypassed jejunum and ileum. On the other 
hand, elevated mucosal disaccharidase levels were measured in 
biopsy specimens of the in-continuity ileum. Total enzyme 
activity per unit length of intestine, however, was estimated 
to be elevated in both in-continuity jejunum and ileum sec- 
ondary to mucosal villus hypertrophy. These data indicate 
that following small bowel bypass: (1) the in-continuity ileum 
undergoes greater biochemical and morphologic adaptation 
than the jejunum; and (2) intraluminal nutrients and chyme 
appear to be essential to maximal intestinal adaptation. 


URGICAL TREATMENT of morbid obesity with small 

bowel bypass procedures has been utilized with 
increasing frequency despite complications such 
as wound infection, diarrhea, steatorrhea, anemia, 
nausea, vomiting, jaundice and severe kwash- 
iorkor.* 99410161729 Following operation, maximum 
weight loss in these patients usually occurs within the 
first 6 to 9 months. During this period of time, sig- 
nificant alterations in hepatic structure and function are 
frequently recognized, perhaps as a result of severe 
protein-calorie malnutrition and/or bacterial over- 
growth in the bypassed segment.55:1916715 Body weight 
eventually plateaus as protein and calorie assimilation 
equal expenditures. Despite documentation of intesti- 
nal adaptation following massive intestinal resection 
and jejuno-ileal bypass in animals, little is known 
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about gastrointestinal changes in man following jejuno- 
ileal bypass.'%-8.12-13,15,.18-23 "The morphologic and 


enzymatic changes in,the small intestine which occur 


after jejuno-ileal bypass in four patients are reported. 
i 


Materials and Methods 


| 

Massively obese patients, weighing greater than 
100% above ideal body weight, underwent psychiatric 
evaluation, and endocrine, gastrointestinal and genito- 
urinary studies prior to jejuno-ileal bypass surgery. 
At operation, biopsies of liver, jejunum and ileum 
were obtained for histologic evaluation and mucosal 
disaccharidase determinations." A 12 inch long segment 
of proximal jejunum, measured from the ligament of 
Treitz, was anastomosed end-to-end to a 6 inch long. 
segment of distal ileum, measured from the ileocecal 
valve. The proximal'end of the bypassed segment was 
oversewn and fixed to the transverse mesocolon, and 


. the distal end was' anastomosed end-to-side to the 


sigmoid colon (Fig. 1). 
Four patients required a second operation 11 to 24 
months post-bypass because of the development of a 


ventral hernia or failure to lose significant weight. The 


body weights of all four patients had stabilized prior 
to their second Operation (Fig. 2). At operation 
(Fig. 1), intraluminal culture samples were collected, 
and biopsies were obtained at: (1) the jejuno-ileal: 
anastomotic site; (2) the proximal bypassed jejunum; 
and (3) the distal: bypassed ileum (12 inches from 
the ileo-colic anastomosis). Biopsy specimens were 
processed for histologic examination by light micros- 
copy. Specimens were also assayed for mucosal disac- 
charidase content! according to the method of Dahl- 
quist.  Intralumidal samples were cultured under’ 
aerobic and anaerobic conditions. Ventral hernior- 
rhaphy was performed in three patients, while the 
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Fic. 1. 
biopsies were obtained at: (1) the jejuno-ileal anastomotic site: (2) 
the proximal bypassed jejunum; and (3) the distal bypassed ileum 
(12 inches from the ileo-colic anastomosis). Adapted from Scott. 
H. W., et al., Ann. Surg. 177:723, 1973, 


At operation, intraluminal samples were collected, and 


fourth patient underwent resection of 6 inches of in- 


continuity small intestine to induce further weight 
loss. 


Case Reports 


Case 1. A 44-year-old female underwent jejuno-ileal bypass on 
7/5/73. Prior to operation, the patient weighed 302 pounds and 


«œ had normal gastrointestinal. genitourinary and endocrine studies 


except for a glucose tolerance test suggesting a mild pre- 
diabetes condition. Serum lipid and lipo-protein values were ab- 
normally elevated. Postoperatively, a wound infection became 
evident and eventually resulted in an incisional hernia. She lost 
110 pounds during the first 8 months, and although hepatomegaly 
developed, liver function tests remained normal. At this time. her 
glucose tolerance and serum lipid and lipoprotein levels had 
returned to normal. Barium enema demonstrated reflux into the 
blind intestinal loop. The incisional hernia was repaired on 11/13/74. 
At operation, the functioning in-continuity bowel showed marked 
hypertrophy in contrast to the atrophied bypassed segment 
(Fig. 3). Aerobic and anaerobic bacterial cultures were obtained 
from the proximal jejunal bypassed segment, the distal ileal bypassed 
Segment and the jejuno-ileal anastomotic site. E. coli and C. 
perfringens were cultured from the latter specimen, while cultures 
from within the bypassed segment were negative for growth. 
Specimens of intestine were obtained from these same three 
areas for microscopic and mucosal enzyme studies (Tables 1, 3, 4 and 
Fig. 4). Twelve months after operation, the patient weighed 158 


pounds and was having approximately 8 formed bowel movements 
per day. 


^ Case 2. A 49-year-old female weighing 250 pounds underwent 


Jejuno-ileal bypass in February, 1974. Gastrointestinal, genito- 
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urinary, endocrine and liver function studies were normal. Her 
postoperative course was complicated by abdominal wound infec- 
tion resulting in an incisional hernia. Despite counseling, she 
ingested ethanol in large amounts. Her weight decreased to 172 
pounds over the ensuing 9 months. Liver function studies at 
that time included an elevated alkaline phosphatase of 193 IU (normal 
level = 40-100) and total bilirubin of 1.4 mg% (normal level 
= 0.4-1.0) with normal SGOT, SGPT. and arterial blood ammonia 
concentrations. Barium enema showed free reflux into the distal 
bypassed segment of bowel. At operation in November, 1975. the 
distal bypassed bowel appeared dilated without apparent obstruc- 
tion. Aerobic and anaerobic cultures from the proximal jejunal 
bypassed segment, the distal ileal bypassed segment and the 
jejuno-ileal anastomotic site grew E. coli and Bacteroides sp. Speci- 
mens of intestine from these same three areas were obtained 
for microscopic and mucosal enzyme studies (Table 4 and Fig. 5). 
Postoperatively, her serum bilirubin concentration increased to 2.8 
mg% but returned to normal levels after two and one-half weeks 
of intravenous hyperalimentation. Three months postoperatively, 
she had lost an additional 14 pounds and had normal liver func- 
tion studies. 

Case 3. A 33-year-old female weighed 280 pounds before jejuno- 
ileal bypass in January, 1974. Her preoperative evaluation was 
normal except for massive obesity. Liver function studies remained 
normal while she lost 113 pounds over 14 months. Intermittent 
abdominal pain occurred which was related to a small incisional 
hernia. In November, 1975. she weighed 138 pounds and had 
normal gastrointestinal and liver function studies prior to explora- 
tory celiotomy and ventral herniorrhaphy. At operation, her distal 
bypassed bowel segment was dilated secondary to partial obstruc- 
tion by adhesive bands. Cultures obtained from the proximal jejunal 
bypassed segment showed no growth, while specimens obtained 
from the distal bypassed segment and the jejuno-ileal anastomotic 
site grew Bacteroides sp. and Peptostreptococcus. Postoperatively, 
she has done well, has returned to responsible gainful employment 
and does volunteer work in our hospital. 

Case 4. A 37-year-old female weighed 285 pounds prior to 
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FIG. 2. The body weights of all four patients had virtually stabi- 
lized prior to their second operation. 
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Fic. 3. At operation, the bypassed jejunum was atrophied (right), 
while the functioning in-continuity bowel was markedly hyper- 
trophied (center), appearing similar in size to the colon (left). 


jejuno-ileal bypass in April, 1975. Postoperatively, she had minimal 
diarrhea with normal oral intake and rapidly adapted her residual 
in-continuity bowel to the degree that she had only one to three 
formed bowel movements per day. By July, 1975, she had lost only 
14 pounds and had no evidence of liver dysfunction. She con- 
tinued to maintain her body weight and was re-admitted in Feb- 
ruary, 1976 for resection of several inches of in-continuity intes- 
tine. At operation, marked thickening and hypertrophy of the 
in-continuity bowel were noted: her ileum measured 7 inches 
from the anastomosis to the ileo-cecal valve, while the jejunum 
measured 15 inches from the ligament of Treitz to the jejuno- 
ileal anastomosis. A segment measuring 6 inches was resected at 
the anastomotic site (three inches of jejunum and three inches of 
ileum), and intraluminal cultures were obtained. Biopsies and cul- 
tures of the proximal bypassed jejunum and distal bypassed ileum 
were also obtained. Candida albicans and Clostridium sp. were 
grown from all three sites. Seven months after operation she 
weighed 237 pounds and had approximately three to five formed 
bowel movements per day. 


Results 


At operation, the functioning in-continuity small in- 
testine in all patients was obviously hypertrophied 
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compared with the bypassed bowel (Fig. 3). Histologi- 
cally, the villi had increased significantly in length in 
the in-continuity jejunum and ileum, and the crypts had 
appreciably increased in depth in the ileum compared 
with the normal pre-bypass specimens (Figs. 4 and 5). 
On the other hand, villus atrophy was evident in the 
bypassed jejunum and ileum microscopically, and 
decreased crypt depth was apparent in the jejunum 
(Table 1). 

Mucosal disaccharidase levels at the time of jejuno- 
ileal bypass in five control obese patients were sig- 
nificantly elevated in the jejunum compared with the 
ileum (Table 2). At reoperation, in-continuity jejunal 
mucosal enzyme activity was similar to that of the 
bypassed jejunum (Table 3) and to pre-bypass levels 
in the five obese controls. Specific enzyme activity 
was elevated. however, in in-continuity ileum com- 
pared with levels in bypassed ileum (Table 4) and in 
pre-bypass ileum (Table 2). 

Results of aerobic and anaerobic cultures varied 
among the four patients and were unrelated to the 
degree of hepatic fatty metamorphosis. Positive cul- 
tures were obtained from the jejuno-ileal anastomotic 
sites in all patients. Three patients had positive cul- 
tures from the distal bypassed ileum, while two patients 
had positive cultures from the proximal bypassed 
jejunum. E. coli, Bacteroides sp. and Clostridium sp. 
usually grew from these cultures. 


Discussion 


The deleterious effects of jejuno-ileal bypass on 
hepatic structure and function have been extensively 
studied clinically and in the laboratory, but little is 
known about gastrointestinal adaptive changes follow- 
ing jejuno-ileal bypass in man. The exact mechanism 
responsible for mucosal changes after small bowel by- 
pass are unknown. Intestinal adaptation may occur as 
a result of several interacting factors. During the 


Fic. 4. Microscopic sec- 
tions of jejunum at the same 
magnification show the de- 
gree of villus hypertrophy 
in the functioning in-con- 
tinuity jejunum (center), 
compared with pre-bypass 
normal jejunum (left), and 
the bypassed jejunum (right). 
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Fic. 5. Marked mucosal 
villus hypertrophy of func- 
tioning in-continuity ileum 
(center) is evident 21 months 
post-jejuno-ileal bypass 
compared with specimens 
of pre-bypass ileum (left) 
and bypassed ileum (right). 





process of cell transport, nutrients derived from the 
intestinal lumen might be used by the cell and thereby 
influence cell turnover and migration. In the ileum, the 
nutrient content of intraluminal chyme is normally low, 
villi are normally short, and the rate of cell migra- 
tion is slow.” In experimental animals, after proximal 
jejunal resection or when the ileum has been surgically 
transplanted to a more proximal position in the intes- 
tinal tract, marked cellular hyperplasia and more rapid 
cell migration rates are noted in the ileal segments.* 
In both of these situations, the ileum is exposed to a 
greater than normal nutrient load, and seems to have 
the capacity to increase its surface area and absorptive 
capacity to jejunal levels. In our patients, greater 
adaptation, morphologically and biochemically, oc- 
curred in the ileum compared with the jejunum after 
small bowel bypass. Gleeson, et al.!? demonstrated that 
when luminal nutrition is excluded from an intestinal 
segment as in Thiry-Vella bypassed loops of jejunum, 
mucosal atrophy and diminished absorption occur. 
These atrophic changes in bypassed bowel correlate 
with reduced mucosal protein and RNA content and 
with decreased epithelial-cell migration rate.!? Intra- 
venous hyperalimentation in animals has also been 
demonstrated to result in moderate mucosal atrophy 
when oral intake is excluded.!* These changes, how- 
ever, are prevented when oral nutrition is provided 
along with intravenous nutritional support.?? In fact, 
after massive intestinal resection, intravenous hyper- 
alimentation maintained nutritional status while intes- 
tinal adaptation progressed. 

While a relative increase in luminal nutrition might 
explain the greater ileal hyperplasia seen after proxi- 
mal jejunal resection, it cannot account for the more 
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modest adaptation which occurs in the jejunum after 
ileal resection or bypass.” Tilson. et al. found that 
mucosal villus length and villus cell counts in by- 
passed segments were similar to those of normal 
bowel, but were reduced compared with functioning 
in-continuity bowel.?! These findings suggest the pres- 
ence of a systemic (hormonal) stimulus for intestinal 
epithelial growth. Gleeson, et al.!! described a patient 
with diffuse small intestinal mucosal hyperplasia asso- 
ciated with a polypeptide hormone-secreting renal 
tumor. The intestinal hyperplasia promptly disap- 
peared on removal of the tumor. which was shown 
to contain large amounts of a polypeptide hormone 
with characteristics of enteroglucagon. Further support 
for the systemic hormonal hypothesis was gained when 
Johnson, et al.'* demonstrated that parenteral admin- 
istration of pentagastrin prevented intestinal atrophy 
in animals fed exclusively by vein. 


TABLE 1. Microscopic Mucosal C hanges in the Jejunum and Ileum 
of Four Patients 11 to 22 Months after Jejuno-lleal Bypass 


Pre-Bypass In-continuity Bypassed 
Jejunum Jejunum Jejunum 
Villous Height (u) 350 + 13 490 + 10** 240 + 15** 
Villous Width (u) 120+ 6 134 + 20 is + 7 
Crypt Depth (u) 165 + 10 170+ 6 102+ 8** 
Pre-Bypass In-continuity Bypassed 
Ileum Ileum Ileum 
Villous Height (u) 333 £ 19 500 + 22** 310 + 26 
Villous Width (u) 130 + 10 140+ 8 120 + 9 
Crypt Depth (u) 155 + 16 203 + 10* I88 + 8 


* P < 0.05 as determined by Student's t-test. 
** P < 0.001 as determined by Student's t-test. 
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TABLE 2. Mucosal Enzyme Activity in Five Control Obese 
Patients at the Time of Jejuno-Ileal Bypass 


Disaccharidases (units/mg Protein) + S.E. 


Jejunum Ileum 
Maltase 3.14 = 0.51 1.44 + 0.48* 
Sucrase 1.08 + 0.24 0.35 «€ O11" 
Trehalase 0.23 = 0.07 0.08 + 0.02* 
Palatinase 0.36 + 0.08 0.07 + 0.01* 
Lactase 0.16 + 0.06 6:03 + 0.01%" 


* P < 0.05 using unpaired Student's t-test. 


A third proposed mechanism for the stimulation of 
intestinal adaptation following intestinal resection 
postulates undefined factors normally present in bile 
and pancreatic juice. Altmann! transplanted the 
duodenal papilla together with the biliary and pan- 
creatic ducts, or anastomosed the bile duct alone, to 
self-emptying ileal segments in the rat. He showed 
that while bile within the ileal segment produced 
a mild decrease in villus size, pancreatic secretions 
stimulated marked villus enlargement. Hormonal 
factors which may be present in exocrine secretions 
or may be released from the intestine by pancreatic 
juice may be responsible for the villus hypertrophy. 
While controversy exists over the etiology of intestinal 
changes in bypassed bowel segments, experimental 
studies uniformly demonstrate villus hypertrophy in 
the functioning in-continuity bowel. Moreover, these 
findings are consistent with results reported after 
massive small bowel resection in animals and 
man 38-15-22-23 

Histologic studies in our patients demonstrated in- 
creased villus length and mucosal cell hyperplasia in 
in-continuity jejunum compared with the patient's 
normal pre-bypass jejunum. Biopsy specimens from 
bypassed jejunum showed mucosal villus atrophy and 
decreased crypt depth. Maltase, sucrase and trehalase 
activity per milligram protein (specific activity) were 
not significantly different in in-continuity jejunum and 
bypassed jejunum compared with pre-bypass jejunal 
mucosal enzyme activity. Lactate activity, however, 


TABLE 3. Mucosal Enzyme Activity in the Jejunum of Four 
Patients 11 to 22 Months after Jejuno-lleal Bypass 


Disaccharidases (units/mg Protein) + S.E. 


Jejunum Jejunum 

(In-continuity) (Bypass) 
Maltase 3.07 + 0.36 434-2 1.35 
Sucrase 0.78 + 0.16 0.82 + 0.29 
Trehalase 0.27 + 0.05 0.77 = 0.39 
Lactase 0.22 + 0.09 081 € 0.12* 


* P < 0.05 using unpaired Student's t-test. 
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TABLE 4. Mucosal Enzyme Activity in the Ileum of Four Patients 
11 to 22 Months after Jejuno-Ileal Bypass 


Disaccharidases (units/mg Protein) + S.E. 


Ileum [leum 
(In-continuity) (Bypass) 
MN iE 
Maltase 2.23 + 0.48 L73 x 0.77 
Sucrase 0.56 + 0.19 0.25 + 0.14 
Trehalase 0.37 + 0.28 0.11 + 0.02 
Lactase D23 4 O0.T/ 0.04 + 0.01 
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was actually highest in bypassed jejunum. Mucosal 
hypertrophy in functioning incontinuity jejunum results 
in markedly increased mucosal surface area per unit 
length of intestine. This results in increased mucosal 
enzyme activity per unit length of functioning bowel 
even though specific activity (enzyme activity per 
milligram protein) remains unchanged. Our findings 
correspond to the experimental results of Gleeson, 
et al.? who studied intestinal adaptation following 
small bowel bypass in rats. They found decreased 
mucosal enzyme activity per mg of protein or DNA, 
but noted increased mucosal enzyme activity per unit 
length of functioning jejunum. One may postulate 
that an increased epithelial cell migration rate in 
functioning bowel mucosa after bypass surgery leads 
to a less mature mucosal cell with a corresponding 
decrease in enzyme content. Villus hyperplasia, how- 
ever. results in increased enzyme activity per unit 
length of bowel. A relatively slow epithelial cell 
migration rate in bypassed bowel can result in an 
increased density of more mature cells with greater 
enzyme content per cell, but villus atrophy results in 
diminished total absorptive capacity and surface area. 

While the biochemical adaptive changes found in 
the jejunum after small bowel bypass may be ex- 
plained by the preceding hypothesis, it does not re- 
flect the changes found in the ileum. Villus height 
and crypt depth were significantly increased in the 
in-continuity ileum compared with normal pre-bypass 
ileum. Biopsy specimens from bypassed ileum, how- 
ever. were similar to prebypass ileum. Mucosal spe- 
cific enzyme activities were slightly, but not sig- 
nificantly, greater in the in-continuity ileum compared 
with the pre-bypass ileum and the bypassed ileum. 
These findings indicate that, after small bowel bypass. 
the in-continuity ileum undergoes greater biochemical 
and morphologic adaptation than the jejunum. More- 
over. intraluminal nutrients and chyme seem to be 
essential to maximal intestinal adaptation. 

Our patients demonstrated the expected weight loss 
characteristic of jejuno-ileal bypass surgery. In the 
absence of serum enzyme and bilirubin abnormalities, 
hepatic fatty infiltration was prominent 16 months after 
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bypass surgery in Case 1. Massive hepatic fatty 
metamorphosis with early cirrhotic changes at 21 
months post-bypass occurred in Case 2, While the liver 
appeared normal at 22 months post-bypass in Case 3. 
While many investigators feel that protein-calorie mal- 
nutrition accounts for hepatic steatosis, O'Leary, 
et al.'* suggest that hepatic fatty infiltration may be 
secondary to portal venous toxemia as a result of 
bacterial overgrowth in the bypassed segment. Nega- 
tive aerobic and anaerobic cultures, however, were 
obtained from two levels of the bypassed bowel in 
Case 1, while positive cultures were grown from the 
in-continuity anastomotic site. Cases 2 and 4 had posi- 
tive cultures from both proximal and distal sites in 
the bypassed segment, while Case 3 had positive cul- 
tures only from the distal bypassed bowel. In this 
small series of patients, no correlation was found 
between bacterial growth in the bypassed intestine 
and hepatic fatty metamorphosis. 

The characteristic weight changes after jejuno-ileal 
bypass procedures may be explained by alterations in 
dietary intake and intestinal adaptation. Initially, be- 
cause of malabsorption, diarrhea and intestinal cramp- 
ing, there is decreased food intake and absorption 
which lead to rapid weight loss, protein-calorie mal- 
nutrition and hepatic dysfunction. Intestinal adaptation 
followed by more normal bowel function may then 
allow improved dietary intake and nutrient assimila- 
tion with subsequent weight stabilization. 

Further studies in man are needed to describe 
more specifically the intestinal adaptive responses 
which follow bypass operations and to clarify the 
mechanisms responsible for these changes. Such in- 
formation is essential to assure maximum efficacy and 
safety in the surgical treatment of massively obese 
patients. 
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(Slide) Let me review with you a bit of clinical data about adapta- 
tion. [n a series of just under 200 massively obese patients submitted 
to jejunoileal bypass over the last ten years, we have used the Payne 
procedure in 11 patients and the end-to-end anastomotic procedure 
in 186. End-to-end anastomosis of the proximal jejunum to the distal 
ileum was used with the idea of avoiding the reflux of nutritious 
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chyme into the bypassed segment of bowel, which is inherent as 
a problem in the Payne procedure. 

The several groups of patients with end-to-end jejunoileostomy, 
12" to 12”. 12" to 6", and 12" to 8", which we have used, were designed 
to determine optimal dimensions of shortening of jejunum and 
ileum. The best results have occurred when we have used the 12" 
to 8” and 12" to 6" dimensions, as compared to the Payne procedure 
and the 12" to 12" end-to-end procedure. 

No patient in any of these groups has lost too much fat as they 
have lost weight, although most patients have had an undesirable 
early loss of good lean tissue, and have had evidence of protein 
deficiency in the early months after jejunoileal bypass. 

Using 18 inches as the minimal length of shortened, in-continuity 
small bowel. and, of course, preserving the integrity of the ileocecal 
valve in continuity with the shortened bowel, no patient in follow-up 
in our series has lost so much weight as to require a revision for 
excess loss of weight. 

The hypertrophic and functional adaptive changes in the short 
bowel. which enhance its transport capability, must be highly 
important in the gradual subsidence of the diarrhea and the 
leveling off in weight which occur 12 to 24 months after 
jejunoileal bypass. 

(Slide) The bowel also grows in length, and this slide shows a 
photograph taken at operation of a patient in our series who began 
with a Payne procedure some 8 years before, and who failed to lose 
weight satisfactorily, and at operation for revision turned out to 
have grown 26 inches of small bowel above the original dimen- 
sions of 14 inches and four inches which are those that Dr. Payne 
has advocated. We resected 26 inches of small bowel in this 
patient, to produce an end-to-end anastomosis of proximal jejunum 
to distal ileum of nine inches to four inches. 

We have been inclined to consider malabsorption of fat after 
jejunoileal bypass, due to the procedure's interference with ileal 
bile acid transport, as a long-term and most effective means of 
obligatory caloric reduction. Almost 50% of our series of mas- 
sively obese patients have had hyperlipidemia; and after jejunoileal 
bypass, plasma cholesterol and triglyceride have been reduced to 
concentrations of 150 mg per deciliter or less with very few excep- 
tions. And these levels have been maintained during follow-ups of 
one to 10 years. 

On the other hand, Dr. Dudrick, we have been inclined to think, 
based on the work of the past—for instance, that of Althausen et al. 
in 1950—that the jejunum has a tremendous capacity for increas- 
ing its absorption of carbohydrates after massive resections of small 
bowel, and presumably this is applicable to jejunoileal bypass. 

According to their work, within four to 6 weeks after massive 
jejunoileal resection, absorption of carbohydrates returned almost 
to normal. 

Our studies with body composition have suggested that potas- 
sium and protein homeostasis after jejunoileal bypass may occur 
as early as 6 to 12 months after operation. Many more careful 
studies of this type, as done by Dr. Dudrick and his group, are 
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needed to understand the body's adaptive responses to jejunoileal 
bypass. 

Dr. Dudrick, have you ideas concerning the time to study car- 
bohydrate and protein absorption in these patients, and do you 
go along with our concepts of fat and bile acid malabsorption, which 
we believe to be very long-lasting? You have studied sugar absorptive 
mechanisms, and they are certainly very interesting. Would you not 
think. however, that studies of protein and amino acid absorption 
might be even more important? 


Dr. Epwarp R. WoopwaRD (Gainesville, Florida): We have 
been interested in the disaccharidase activity in the brush border 
of the jejunum in normal and in morbidly obese patients, before 
and after shunt, and after restoration of bowel continuity. This has 
been done by our associate in gastroenterology, Dr. James Cerda, 
and confirms the findings reported by Dr. Dudrick. As we reported 
some years ago, the morbidly obese patient has marked eleva- 
tion of the disaccharidases in the jejunum. These increase in the 
postbypass, in-continuity jejunum, and decrease precipitously in the 
bypassed jejunum. When continuity is restored, the previous state 
of marked elevation in these enzymes returns. 


Dr. Joun M. DALY (Closing discussion): (Slide) Dr. Scott, we 
do not have data on amino acid absorption following small bowel 
bypass, but Moxley, et al. showed in patients studied five months, 
and then 12 to 36 months following jejunoileal bypass, that blood 
amino acid concentrations during amino acid tolerance tests in- 
creased with time following bowel bypass. The three amino acids 
studied were leucine, glycine, and lysine. 

For all three of the amino acids, and especially for glycine, at 
12 to 36 months following bypass, the respective concentrations in 
the blood rose almost to pre-bypass levels. 

We did not measure mucosal disaccharidase enzyme turnover. 
We measured only the enzyme concentrations, so this is not really a 
dynamic measurement of bowel activity. The level of mucosal 
activity was best demonstrated by the increased intracellular 
organelles seen in the mucosal cells of incontinuity jejunum and 
ileum on electron microscopy. 

We are also very interested in the clinical results following small 
bowel bypass, not just what happens at the biochemical and cellu- 
lar level. 

(Slide) One patient from whom some of these data were obtained 
weighed 230 pounds prior to jejunoileal bypass. 

(Slide) Eleven months following bypass she weighed 138 pounds. 
(Several slides were shown in succession.) 

(Slide) Her liver improved together with her body habitus. His- 
tologically, the liver showed marked fatty infiltration at the time of 
jejunoileal bypass, but 11 months later it appeared normal. (Slide) 

(Slide) By understanding intestinal adaptive processes following 
jejuno-ileal bypass, we may eventually be able to influence adapta- 
tion favorably and control nutritional status after either small bowel 
bypass or massive intestinal resection. 
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EFFICACY Parenterally, 90.495 of 806 patients had an 
excellent to good clinical response (includes patients 
treated for a variety of respiratory tract, urinary tract, and 
skin and soft tissue infections. plus septicemia). 

Orally, 86.7% of 3719 patients had a comparable 
response (includes patients treated for respiratory tract, 
urinary tract, and skin and soft tissue infections). 


SAFETY 93.5% of 6555 patients free of any reported 
adverse reactions (includes patients who received 
Velosef by both oral and parenteral routes for a variety 
of susceptible infections). 


CONTINUITY Velosef is the only cephalosporin which 
can be used by both the oral and parenteral routes, 
affording a continuity of therapy for appropriate 
indications unique in this class of antibiotics * 
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DESCRIPTION: Velosef '250' Capsules and Velosef ‘500' Capsules 
(Cephradine Capsules) provide 250 mg. and 500 mg. cephradine, re- 
spectively, per capsule. Velosef 425' for Oral Suspension and Velosef 
'250' for Oral Suspension (Cephradine for Oral Suspension) after re- 
constitution provide 125 mg. and 250 mg. cephradine, respectively, 
per 5 ml. teaspoonful. Velosef for Injection (Sterile Cephradine for In- 
jection) is a sterile powder for reconstitution available in vials contain- 
ing 250 mg., 500 mg., ort g. cephradine, and in bottles containing 2g. 
or 4 g. cephradine. The preparations also contain 79 mg., 157 mg., 315 
mg., 630 mg., or 1.26 g. anhydrous sodium carbonate respectively. 
The sodium content is approximately 136 mg. (6 mEq.) per g. of 
cephradine. 


INDICATIONS: For the treatment of infections caused by susceptible 
strains of designated microorganisms as follows (injection for serious 
infections only): Respiratory Tract Infections due to Klebsiella sp., H. 
influenzae, Staphylococcus aureus, for injectable forms only and those 
due to Streptococcus pneumoniae (formerly D. pneumoniae), and 
group A beta-hemolytic streptococci for oral and injectable forms 
[Penicillin is the usual drug of choice in the treatment and prevention of 
streptococcal infections, including the prophylaxis of rheumatic fever; 
Velosef (Cephradine, Squibb) is generally effective in the eradication 
of streptococci from the nasopharynx, substantial data establishing 
the efficacy of Velosef in the subsequent prevention of rheumatic fever 
are not available at present]; Otitis Media (oral forms only) due to group 
A beta-hemolytic streptococci, H. influenzae, staphylococci, and 
Streptococcus pneumoniae; Skin and Soft Tissue Infections due to S. 
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siella sp.; Septicemia (injection only) due to Streptococcus 
pneumoniae, S. aureus, Pr. mirabilis, and E. coll. 

Note: Culture and susceptibility tests should be initiated prior to and 
during cephradine therapy. Renal function studies should be per- 
formed when indicated. 


CONTRAINDICATIONS: In patients with known hypersensitivity to the 
cephalosporin group of antibiotics. 

WARNINGS: Use cephalosporin C derivatives with great caution in 
penicillin-sensitive patients since there is clinical and laboratory evi- 
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function. In known or suspected renal impairment, careful clinical ob- 
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and during cephradine therapy since cephradine accumulates in the 
serum and tissues. Patients with impaired renal function require a mod- 
ified dosage schedule (see package inserts). 

Prolonged use of antibiotics may promote overgrowth of nonsuscep- 
tible organisms. Take appropriate measures should superinfection 
occur during therapy. 
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with antibiotic therapy. 
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in patients over 50 years old. In adults for whom serum creatinine deter- 
minations were performed, the rise in BUN was not accompanied by a 
rise in serum creatinine. Renal (Injection) —mild rises in BUN have 
been observed in some patients treated with cephalosporins; their fre- 
quency increases in patients over 50 years old and in children under 
three. In adults for whom serum creatinine determinations were per- 
formed, the rise in BUN was not accompanied by a rise in serum 
creatinine. Others —headache, dizziness, tightness in the chest, dys- 
pnea, paresthesia, candidal overgrowth, candidal vaginitis, hepa- 
tomegaly (isolated instances), and thrombophlebitis at injection site. 

Some patients experienced pain on I.M. injection. Administer Sterile 
Cephradine for Injection by deep I.M. injection since sterile abscesses 
have been reported following accidental subcutaneous injection. 

For full prescribing information, consult package inserts. 

HOW SUPPLIED: 250 mg. and 500 mg. capsules in bottles of 24 and 
100 and Unimatic® single-dose packs of 100; 125 mg. and 250 mg. for 
oral suspension in bottles of 100 ml. Sterile Cephradine for Injection 
available for I.M. or I.V. use in vials containing 250 mg., 500 mg., or 1g. 
cephradine, and for I.V. use in 100 ml. infusion bottles containing 2 g. or 
4 g. cephradine. 
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PROTECT 
SKIN 


from contact with 
irritating exudate 
with a Karaya 
Blanket around the 
wound site. 


Now you can protect and inspect a draining wound 
without the trauma or bother of dressing removal. 
Only the Hollister* Draining-Wound Management 
System isolates the wound without concealing it 
from view. 


This modern wound-care method does away with 
most— if not all—of the problems associated with 
absorbent dressings. The Hollister system lets you... 


see hemorrhaging or other unwelcome conditions de- 
veloping at the wound site. 

keep drainage away from the wound, protecting the skin 
treat the wound without time-wasting dressing changes 


assess and measure exudate without removing the 
system 
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isolate the wound, guarding against two-way contami- 
nation 


Ideal for fistulas and for use after any draining 
surgical procedure. Everything is supplied sterile 
for quick application in the O.R., recovery, I.C.U. 
or patient's room. 


If you want to see what's going on at the wound 
site, you'll want to see the Hollister-system. Write 
for complete information. 
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Potent analgesics often do 
more than provide pain relief. 
And that can be a problem. 


A patient in severe pain needs a potent analgesic. 
but potent analgesics can also produce some extreme 
adverse effects. Such as respiratory depression, hypoten- 
sion, urinary retention and constipation. 

With Talwin the incidence of such effects is low" 

50 by choosing Talwin, you can treat one problem 
(pain) and minimize the chances of the others. Which are 
two good reasons for choosing Talwin in a great majority 
of hospital situations calling for potent analgesia. 
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"P Iwi n Lactate 


pentazocine lactate 
injection, NF 


Alternative 
to Opiates. 


*With Talwin, the commonly occurring reactions are nausea, dizziness, among others. 
Although rare, acute central nervous system manifestations have been reported. 








See important product information concerning warnings, adverse reactions, 
patient selection, and prescribing and precautionary recommendations on following page. 
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Talwin® lactate 
Brand of pentazocine lactate injection, NF 


Analgesic for Parenteral Use 


Description: Talwin lactate (brand of pentazocine 
lactate injection) is a member of the benzazocine 
series (also known as the benzomorphan series). 
Chemically, pentazocine lactate is 1,2,3,4,5,6- 
hexahydro -6,11 -dimethyl -3-(3-methyl-2-buteny!) 
-2.6-methano-3-benzazocin-8-ol lactate, a white, 
crystalline substance soluble in acidic aqueous 
solutions. 

Actions: Talwin is a potent analgesic and 30 mg. 
is usually as effective an analgesic as morphine 
10 mg. or meperidine 75 to 100 mg.; however, a 
few studies suggest the Talwin to morphine ratio 
may range from 20 to 40 mg. Talwin to 10 mg. 
morphine. The duration of analgesia may some- 
times be less than that of morphine. Analgesia 
usually occurs within 15 to 20 minutes after intra- 
muscular or subcutaneous injection and within 
2 to 3 minutes after intravenous injection. Talwin 
weakly antagonizes the analgesic effects of mor- 
phine, meperidine, and phenazocine; in addition, 
it produces incomplete reversal of cardiovascu- 
lar, respiratory, and behavioral depression in- 
duced by morphine and meperidine. Talwin has 
about 1/50 the antagonistic activity of nalorphine. 
It also has sedative activity. 

Indications: For the relief of moderate to severe 
pain. Talwin may also be used for preoperative 
or preanesthetic medication and as a supplement 
to surgical anesthesia. 

Contraindication: Talwin should not be adminis- 
tered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care should 
be exercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should be 
closely supervised when long-term therapy is 
contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, rarely, 
in patients without such a history. Abrupt discon- 
tinuance following the extended use of paren- 
teral Talwin has resulted in symptoms such as 
abdominal cramps, elevated temperature, rhinor- 
rhea, restlessness, anxiety, and lacrimation. Even 
when these occurred, discontinuance has been 
accomplished with minimal difficulty. In the rare 
patient in whom more than minor difficulty has 
been encountered, reinstitution of parenteral 
Talwin with gradual withdrawal has ameliorated 
the patient's symptoms. Substituting methadone 
or other narcotics for Talwin in the treatment of 
the Talwin abstinence syndrome should be 
avoided. 

In prescribing parenteral Talwin for chronic use, 
particularly if the drug is to be self-administered, 
the physician should take precautions to avoid 
increases in dose and frequency of injection by 
the patient and to prevent the use of the drug in 
anticipation of pain rather than for the relief of 
pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Tissue Damage at Injection Sites. Severe scle- 
rosis of the skin, subcutaneous tissues, and 
underlying muscle have occurred at the injection 
sites of patients who have received multiple 
doses of pentazocine lactate. Constant rotation 
of injection sites is, therefore, essential. In addi- 
tion, animal studies have demonstrated that 
Talwin is tolerated less well subcutaneously than 
intramuscularly. (See DOSAGE AND ADMINIS- 
TRATION.) 

Head Injury and Increased Intracranial Pressure. 
As in the case of other potent analgesics, the 
potential of Talwin lactate for elevating cerebro- 
spinal fluid pressure may be attributed to CO2 
retention due to the respiratory depressant ef- 
fects of the drug. These effects may be markedly 
exaggerated in the presence of head injury, 
other intracranial lesions, or a preexisting in- 
crease in intracranial pressure. Furthermore, 
Talwin can produce effects which may obscure 
the clinical course of patients with head injuries. 
In such patients, Talwin must be used with ex- 


treme caution and only if its use is deemed 
essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been estab- 
lished. Animal reproduction studies have not 
demonstrated teratogenic or embryotoxic ef- 
fects. However, Talwin should be administered 
to pregnant patients (other than labor) only when, 
in the judgment of the physician, the potential 
benefits outweigh the possible hazards. Patients 
receiving Talwin during labor have experienced 
no adverse effects other than those that occur 
with commonly used analgesics. Talwin should 
be used with caution in women delivering prema- 
ture infants. 

Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually visual), 
disorientation, and confusion which have cleared 
spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients should be very closely observed and 
vital signs checked. If the drug is reinstituted, it 
should be done with caution since the acute CNS 
manifestations may recur. 

Usage in Children. Because clinical experience 
in children under twelve years of age is limited, 
the use of Talwin in this age group is not recom- 
mended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to oper- 
ate machinery, drive cars, or unnecessarily ex- 
pose themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory 
depression should be considered in treatment of 
patients with bronchial asthma. Talwin should be 
administered only with caution and in low dos- 
age to patients with respiratory depression (e.9., 
from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, ob- 
structive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver 
disease appears to predispose to greater side 
effects (e.g., marked apprehension, anxiety, diz- 
ziness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism 
of the drug by the liver. 

Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea Or 
vomiting. 

Biliary Surgery. As with all strong analgesics, 
Talwin should be used with caution in patients 
about to undergo surgery of the biliary tract since 
it may cause spasm of the sphincter of Oddi. 
Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
daily treatment of narcotic dependence, have 
experienced withdrawal symptoms after receiv- 
ing Talwin. 

CNS Effect. Caution should be used when Talwin 
is administered to patients prone to seizures; 
seizures have occurred in a few such patients in 
association with the use of Talwin although no 
cause and effect relationship has been estab- 
lished. 

Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or light- 
headedness, vomiting, euphoria. 

Dermatologic Reactions: Soft tissue induration, 
nodules, and cutaneous depression can occur at 
injection sites. Ulceration (sloughing) and severe 
sclerosis of the skin and subcutaneous tissues 
(and, rarely, underlying muscle) have been re- 
ported after multiple doses. 

Infrequently occurring reactions are—respiratory: 
respiratory depression, dyspnea, transient apnea 
in a small number of newborn infants whose 
mothers received Talwin during labor; cardio- 
vascular: circulatory depression, shock, hyper- 
tension; CNS effects: sedation, alteration of 
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mood (nervousness, apprehension, depression, 
floating feeling), dreams; gastrointestinal: con- 
stipation, dry mouth; dermatologic including 
local: diaphoresis, sting on injection, flushed 
skin including plethora, dermatitis including pru- 
ritus; other: urinary retention, headache, pares- 
thesia, alterations in rate or strength of uterine 
contractions during labor. 

Rarely reported reactions include—neuromuscu- 
lar and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
mic: blurred vision, nystagmus, diplopia, miosis; 
hematologic: depression of white blood cells 
(especially granulocytes), which is usually re- 
versible, moderate transient eosinophilia; other: 
tachycardia, weakness or faintness, chills, aller- 
gic reactions including edema of the face, toxic 
epidermal necrolysis. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single par- 
enteral dose is 30 mg. by intramuscular, sub- 
cutaneous, or intravenous route. This may be 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly 
or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. 

The subcutaneous route of administration should 
be used only when necessary because of pos- 
sible severe tissue damage at injection sites 
(see WARNINGS). When frequent injections are 
needed, the drug should be administered intra- 
muscularly. In addition, constant rotation of in- 
jection sites (e.g., the upper outer quadrants of 
the buttocks, mid-lateral aspects of the thighs, 
and the deltoid areas) is essential. 

Patients in Labor. A single, intramuscular 30 mg. 
dose has been most commonly administered. An 
intravenous 20 mg. dose has given adequate 
pain relief to some patients in labor when con- 
tractions become regular, and this dose may be 
given two or three times at two- to three-hour 
intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vasopres- 
sors, and other supportive measures should be 
employed as indicated. Assisted or controlled 
ventilation should also be considered. Although 
nalorphine and levallorphan are not effective 
antidotes for respiratory depression due to over- 
dosage or unusual sensitivity to Talwin, paren- 
teral naloxone (Narcan®, available through Endo 
Laboratories) is a specific and effective antago- 
nist. 

Talwin is not subject to narcotic controls. 

How Supplied: Uni-Amp®—Individual unit dose 
ampuls of 1 ml. (30 mg.), 1⁄2 ml. (45 mg.), and 
2 ml. (60 mg.) in boxes of 25. 

Ampuls of 1 ml. (30 mg.), 1% ml. (45 mg.), and 
2 ml. (60 mg.) in (nested) boxes of 25. 

Each 1 ml. contains pentazocine lactate equiva- 
lent to 30 mg. base and 2.8 mg. sodium chloride, 
in water for injection. 

Multiple dose vials of 10 ml., each 1 ml. contain- 
ing pentazocine lactate equivalent to 30 mg. 
base, 2 mg. acetone sodium bisulfite, 1.5 mg. 
sodium chloride, and 1 mg. methylparaben as 
preservative, in water for injection. Boxes of 1 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 





pentazocine lactate injection, NF 


Alt rn tive to opi tes. 


>is ad pO 


" vo. 
D 


` * 
-i -aN 





l 
l 


PORYPROPYLENE SUTURE 


w 





N 


After seven years and tho sands of procedures, 

PROLENE suture contin s to prove its clinically important 
qualities and characteristics? Monofilament smoothness, 

Strength, pliability, knot sequrity and resistance to 

fatigue-induced fracture. Inert PROLENE suture induces 
only a minimal tissue reaction and does not harbor bacteria. 
PROLENE suture retains ù vivo tensile strength after 
prolonged implantation ev en in the presence of infection. 








ETHICON 


PROLENE* Pol rop lene Nonabsorbable Surgical Suture WITH ATRALEASE* CONTROL RELEASE* Needle differs from U.S.P. OR needle atta. 
limits. INDICA: — PROLENE iy lene Suture DAT be used wherever a nonabsorbable surgical suture is recommended. CONTRAINDICATK 
None known. WARNINGS — ATRALEASE NTROL RELEASE needle sutures should not be resterilized by steam autoclave as it may affect needle p 
PRECAUTIONS — As with other synthetic sutures, knot securi d uires the standard surgical technic of flat and square ties, with additional throws if indic. 
ree Ae circumstance and iy of the operator. ADVER; REACTIONS — Transitory local a ok reactions have been reported. SUPPL] 
A LEASE CONTROL RELEASE needle sutures are available in pigmented and clear sutures, sizes 2 thru 4/0. See package insert for full informatio: 
*Trademark © ETHICON, IN 


The open chest. 


Another opening 


Postoperative surgical infections 

alve replacement: a procedure that can at 

bnce sustain life and predispose to infection. 
Although identification of the infectious 
»rganism may be difficult, a delay in treatment 
ould result in invasion of the endocardium. 

he implicated organism may be a penicillinase- 
producing staph. Progression can be swift 
and devastating. 


nitial antistaph therapy: injection 

t's vitally important that effective treatment of 
bacterial invasion begin as soon as possible. 

f you suspect the presence of staph and must 
begin therapy before definitive culture results 


for staph? 


is a particularly suitable agent. 


Appropriate specimens for bacteriologic 
studies to determine the causative organisms 
and their susceptibility to nafcillin should be 
taken prior to the first dose of antibiotic.+t And, if 
those studies subsequently implicate organisms other 
than penicillinase-producing staphylococci sensitive 
to nafcillin, discontinue it and administer the appro- 
priate antibiotic. 


Rapid penetration 

Unipen appears rapidly in plasma following 
intramuscular administration. Penetrates body tissues 
in high concentrations and diffuses well into pleural, 





“On call” capability 
Reconstitutes in less than 60 seconds. Remains 
stable for 24 hours.żt 


Follow-up therapy: oral 

Unipen (nafcillin sodium) is available in tablets, 

capsules, and oral solution as well as the parenteral 

form. The injectable form should be used initially 

in severe infections. And as soon as the clinical 
ondition warrants, oral forms of Unipen allow you 
o continue antistaph therapy with the same anti- 

biotic in a form more convenient to patients. 


afcillin-susceptible penicillinase-producing staphylococci 
See Important Note on next page. 
S2e important information under Parenteral Administra- 
tionon next page. 
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(nafcillin sodium 


as the monohydrate, buffered. Wyeth 


Wyeth Laboratories 


Philadelphia, Pa.19101 


See important information on next page. 
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Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE, BUF! FERED,WYETH 


Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
"susceptible" indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infect- 
ing organism is not likely to respond to therapy. A report of ‘‘inter- 
mediate susceptibility" suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
If the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G- resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration snould not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P.. and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70° F.) 
during the time period stipulated : 


isotonic sodium chloride. .............-- 60s 24 hours 
5% dextrose in water... tnn 24 hours 
5% dextrose in 0.4% 

sodium chloride solution... 0s 24 hours 
Ringer's solution. ..... eee nmm 24 hours 
M/6 sodium lactate solution 

(conc. of 30 mg/ml) ..... entm re 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration snould be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (29-8? C.) and use within 
7 days or keep at room temperature (25? C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)— Supplied in vial sizes of 500 mg., 
] gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per ml. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES—containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION— Bottle of dry nafcillin sodium as 
monohydrate—powder for reconstitution to provide 100 ml. of 
solution containing nafcillin sodium equivalent to 250 mg. nafcillin 
per 5 ml. 
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Gastric Devascularization: 


A Useful Salvage Procedure for Massive Hemorrhagic Gastritis 


Due to poor results with conventional operative therapy for dif- 
fuse hemorrhagic gastritis ( DHG), a prospective evaluation of 
gastric devascularization was performed on 21 patients. Sepsis, 
alcoholism, and steroid abuse were the common etiologic 
factors. In spite of the fact that these were all critically 
ill patients, all stopped bleeding with this operation and 
only two rebled (9%). The average operating time was 
84 minutes. There were two operative complications and 
gastric necrosis did not occur. The mortality was high (38%) 
due to the primary disease. Gastric devascularization is a 
useful salvage procedure for the patient with DHG because 
it can be accomplished rapidly, with few complications, 
has a low rebleed rate, and causes no permanent sequelae. 
Since this procedure causes severe gastric mucosal ischemia, 
it casts doubt only on the importance of this mechanism 
alone as the cause of ‘‘stress ulceration.” 


IFFUSE HEMORRHAGIC GASTRITIS (DHG) occurs 
D in a variety of critically ill patients. Sepsis, 
major operative procedures, severe trauma, and 
alcohol or steroid abuse are frequently antecedent 
factors that appear to be etiologically related to the 
bleeding. The general term "stress ulcer" has, un- 
fortunately, often been used to describe this entity. 
That designation however is inappropriate because 
often no underlying "stress" is evident, the term 
fails to distinguish between gastric and duodenal 
bleeding, and it does not differentiate between the 
patient with a single discrete bleeding site and the 
patient with multiple superficial erosions. Obviously, 
all of these factors are important in interpreting 
the results of operative treatment for so-called "stress 
bleeding." The pathologic entity, diffuse hemorrhagic 
gastritis, discussed in this paper is a superficial lesion 
involving the mucosa of the stomach that rarely pene- 
trates more deeply than the muscularis mucosa. 
Although the fundus and body are characteristically 
involved, the entire stomach may be involved. 


M MMC 


Presented at the Annual Meeting of the Southern Surgical 
Association, December 5-8. 1976, Palm Beach, Florida. 
Submitted for publication: December 10, 1976. 


649 


J. DAVID RICHARDSON, M.D., J. BRADLEY AUST, M.D., PH.D. 


From the Department of Surgery, University of Texas 
Health Science Center at San Antonio, 
San Antonio, Texas 


eee 


Although a variety of etiologic mechanisms?:9:9.10 
have been evoked in an attempt to explain the patho- 
physiology of DHG., the underlying mechanism 
remains obscure. Treatment is aimed at eliminating the 
underlying disease process, if one is present, and 
controlling hemorrhage. The bleeding may be sporadic 
and require no operative treatment. or may be 
Massive and life-threatening. Vagotomy and drainage, 
vagotomy and resection, and subtotal gastrectomy 
have each been advocated as the Operative procedure 
of choice. Continued unrelenting hemorrhage from the 
entire stomach may necessitate a total gastrectomy. 
The rate of rebleeding has been high! in the former 
procedures, while the latter has been associated with 
potential long-term morbidity should the patient 
survive. 

A review of this institution's dismal results with 
DHG prompted us to search for a different operative 
modality when surgical intervention was deemed 
necessary because of failure of medical therapy. 
The ideal operation should rapidly stop bleeding, have a 
low rate of rebleeding, be technically simple to 
perform, have a low morbidity and mortality from 
the procedure itself, and cause little or no long-term 
disability. We have adopted gastric devascularization 
as the procedure of choice for DHG to prospectively 
determine if we could Improve our results with 
this serious problem. 


Clinical Material 
Pre-devascularization Patient Therapy 


From 1970 to 1974, 37 patients required operative 
intervention for DHG (Table 1). Eighteen patients 
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TABLE l. Standard Operative Treatment for DHG (1970—1974) 


D e 
Vagotomy & 
Pyloroplasty 


Gastric 
Resection 


No. Pts. (9€) No. Pts. (96) 


Number of Patients 18 19 
Mean Age 47 35 
Etiologic Factors* 

Sepsis 12 15 

Alcohol 4 4 

Hypoxia 3 5 

Steroids | 2 

Unknown l l 
Re-Bled 1] (61) T (37) 
Direct Operative 

Complications | (6) 4 (21) 
Deaths 10 (55) 12 (63) 


I 


* Several patients had multiple factors. 


underwent vagotomy and pyloroplasty; the rebleeding 
rate was extremely high with 11 patients having a 
significant second bleeding episode. There was one 
operative complication, an esophageal tear in the 
course of performing a vagotomy, and 10 of the 
patients died. In this retrospective review it was 
clear that many patients died of their primary 
disease. however a major factor in the ultimate demise 
of most patients was the failure to control hemorrhage. 
Nineteen patients underwent gastric resection. Three 
patients had a total gastrectomy, four had a resection 
estimated to be between 75 and 95%, and the 
remainder had a 50 to 75% gastrectomy often com- 
bined with a vagotomy. This operation was generally 
applied to younger patients thought to tolerate a major 
resection better, or to patients with extensive bleed- 
ing surfaces requiring a major resection to extirpate 
the hemorrhagic area. Although the re-bleeding rate 
was lower with resection (37% vs. 61% for vagotomy 
and pyloroplasty), the mortality was still unacceptably 
high (12 of 19). Additionally, four patients had com- 
plications related to the operative procedure itself. 
Two patients had serious leaks directly contributing 
to their deaths and two had intra-abdominal abscesses 
not present pre-operatively. Sepsis was the pre- 
dominant underlying problem in both groups. 


Devascularization Therapy 


In the past five years, the number of patients 
requiring operation for DHG at our primary teaching 
hospital has decreased dramatically (Fig. 1). The types 
of patients who present with upper gastrointestinal 
bleeding secondary to gastritis now fall into three 
main groups: the alcoholic with deranged clotting 
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studies, the septic patient with multiple organ failure, 
and the patient with a history of long-term steroid use 
(Table 2). The patients are now generally older than 
those previously requiring operation and have failed to 
stop bleeding even with vigorous medical management. 
Table 3 indicates the pre-operative methods used in an 
attempt to control hemorrhage. All patients had 
vigorous lavage with iced saline and levarterenol 
and a majority also received intravenous pitressin. 
Selective intra-arterial pitressin was used in 11 cases. 
Although the bleeding ceased in a number of patients, 
it often later recurred requiring operative intervention. 
Vagotomy combined with pyloroplasty in four patients 
and antrectomy in one patient, had been performed 
with failure to control hemorrhage. The average blood 
replacement given during the pre-operative, operative, 
and immediate post-operative recovery periods aver- 
aged 4600 ml. The use of this large volume of 
blood often reflected multiple bleeding episodes, with 
cessation upon therapy, and massive bleeding in a few 
patients, rather than a deliberate procrastination in 
instituting operative treatment. 

Whenever feasible, early and aggressive endoscopy 
was utilized. Seventeen patients underwent endoscopic 
examination which was diagnostic in 11 cases. Profuse 
bleeding in the remainder made accurate endoscopic 
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Fic. 1. This graph illustrates the dramatic decrease in the number 
of operations required for DHG (bottom). The total operative 
load has markedly increased and the number of elective 
gastric procedures has remained constant. 
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TABLE 2. Operative Treatment for DHG 
(Devascularization Patients) 


Patients 21 
Mean Age 5] 


Etiologic Factors 
Alcohol 9 
Sepsis 8 
Steroids 4 


Abnormal Coagulation Studies 15 


ccc a 


diagnosis impossible. Even though complete evalua- 
tion of the gastro-esophageal junction, stomach and 
duodenum was often impossible, any definitive infor- 
mation gained was very useful. If bleeding varices or a 
duodenal ulcer were definitely excluded, then a limited 
gastrotomy was done during the operation to visualize 
those anatomic areas not seen by endoscopy. Eighteen 
patients underwent gastrotomy even though many had 
correct diagnoses by endoscopy. In all patients the 
diagnosis was confirmed by endoscopy or gastrotomy. 


Operative Technique 


Rittenhouse,* of our institution. has previously 
described the operative procedure we employed. The 
right and left gastric arteries were ligated near the 
stomach after being visualized through a lesser sac 
approach. The left and right gastroepiploic arteries 
were then ligated near the origin along the greater 
curvature (Fig. 2). On several occasions all of the 
gastroepiploic vessels along the greater curvature were 
divided between clamps and ligated. Care was taken 
not to injure the short gastric vessels or the spleen, 
however a previous splenectomy was done in three 
cases and an incidental splenectomy in another. There 
Was no detectable difference in viability of the 
stomach in any of the four patients. 

If the diagnosis can be clearly established by pre- 
operative endoscopy, we now feel the stomach should 
not be opened since creating a gastrotomy lengthens 
the operating time for these critically ill patients 
and introduces the possibility of contamination. 
However, if endoscopy cannot rule out a bleeding 
duodenal ulcer, we open the stomach, generally in 
the antral region. The stomach is evacuated of clots 
and both the duodenum and the fundus can usually 
be evaluated with a long thin curved retractor. On 
occasion a sterile endoscope has been passed into the 
duodenum and esophagus to evaluate these areas 
when they could not be seen under direct vision. 


Results 


`~ The results of treatment are shown in Table 4. 
The stomach usually blanched significantly but there 
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TABLE 3. Pre-Operative Treatment Prior to Devascularization 
Of 21 Patients 

Number % 
Gastric Lavage with Levarterenol 21 100 
Intravenous Pitressin 18/2] 8S 
Selective Intra-arterial Pitressin 11/21 52 
Previous V & P 4/2] 19 
Previous V & A 1/21 4 
Average Blood Replacement* 4600 ml 


* Includes pre-operative, operative 


and post-operative transfu- 
sions. 


were no instances of gastric necrosis. The average 
operating time was 84 minutes. Bleeding promptly 
ceased in all patients. Only two of the 21 patients 
rebled (9%). One of these was a four year old 
boy with burns over 40% of his body surface whose 
bleeding did not cease following a vagotomy and 
pyloroplasty. Gastric devascularization was performed 
and the bleeding promptly stopped; however one week 
later he again suffered massive bleeding which required 
a subtotal resection for control. This Case was the 
only failure of the treatment method. The second 
patient who rebled was a 62 year old female with 
idiopathic thrombocytopenic purpura who failed to 
respond to a splenectomy. She was on large doses of 
Steroids and developed a left subphrenic abscess. 
She subsequently developed massive bleeding from 
DHG that did not respond to any type of medical 
treatment. Gastric devascularization stopped this 
bleeding for several days before she had exsanguinating 
hemorrhage. At autopsy the stomach was viable with 
diffuse erosive esophagitis, gastritis and enteritis 










L Gastric 
Artery 


R. Gastric 
Artery 







L Gastro- 
Epiploic Artery 







R Gastro- 


Fic. 2. The operation is accomplished by performing a four-vessel 
ligation at the sites indicated. The suture line indicates the gas- 


trotomy that was usually performed to absolutely determine the 
bleeding site. 





652 
TABLE 4. Results of Gastric Devascularization 
Of 21 Patients 

Number % 
a 
Immediate Cessation of Bleeding 21 100 
Number Re-Bled 2 9 
Direct Operative Complications* 2 9 
Deaths* 8 38 
Gastric Necrosis 0 0 


E Maaa 
* Incidental splenectomy and dehisced gastrotomy with left 
subphrenic abscess. 
+ Hepatic failure (4), sepsis (2), respiratory failure (1), bleeding (1). 


present. We did not feel this case truly represented 
failure of gastric devascularization in light of the 
multiple bleeding sites throughout the gastrointestinal 
tract. 

The amount of blood required after the immediate 
postoperative period is shown in Table 5. No further 
transfusions were required by nearly half the patients. 
Only the two previously mentioned patients with post- 
operative bleeding required blood secondary to 
hemorrhage. The remainder was required due to the 
underlying disease processes. 

In spite of the low rebleeding rate, the mortality 
was high (37%) in this group of critically ill 
patients. Hepatic failure (4), sepsis (2), respiratory 
failure (1), and gastrointestinal hemorrhage (1) were 
responsible for the 8 deaths. In only one patient 
was a technical misadventure related to the operation 
itself contributory to a patient’s death. This occurred 
in an alcoholic who dehisced his gastrotomy and de- 
veloped a left subphrenic abscess. He subsequently 
died of the hepatorenal syndrome. One other compli- 
cation. incidental splenectomy, occurred but the 
patient recovered without sequelae. Post mortem 
examinations on five of the 8 deaths showed no 
gastric necrosis on gross Or microscopic examinations 
of the stomach (Figs. 3 and 4). One other patient 
required reoperation for drainage of intraperitoneal 
abscesses. This patient also had no evidence of 
gastric necrosis. Additionally, the child who rebled 
and required a subtotal gastrectomy had a viable, 


TABLE 5. Post-Operative Blood Requirements 


Units of Blood Number of Patients 
NENNEN E EENEUUUMA A rl 
None 10 
<2 5 
2-5 4* 
>§ 2* 


* One patient in each group required transfusion for bleeding: 
the remainder due to anemia with severe prolonged illness. 
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normal appearing stomach externally and healed his 
anastomosis uneventfully. 

In those patients whose general condition per- 
mitted, alimentary function returned in five to 1 
days. Postoperative acid determinations were per- 
formed on five patients from three weeks to four 
months after the procedure. There was no free acid 
in any patient at the time of their examination. 
Longer follow-up studies of acid secretion have not 
been obtained yet. 

Two brief cases are presented here to illustrate 
the value of this procedure in selected critically ill 
patients. 


Case 1. A 56 year old diabetic man presented himself to the 
hospital with a temperature of 40.5, a pulse of 140 and 
necrotizing fasciitis of the left lower extremity following an infected 
insect bite. Appropriate antibiotic treatment was initiated, his 
ketoacidosis was treated, and the necrotic fascia of the leg was 
widely debrided. Twenty-four hours later he had an episode 
of massive upper gastrointestinal bleeding. Endoscopy showed 
no varices at the gastroesophageal junction but evaluation of the 
stomach and duodenum could not be made. Intra-arterial 
pitressin therapy temporarily halted the bleeding but the pa- 
tient shortly rebled. After 16 units of blood, surgery was 
undertaken. Gastrotomy revealed hemorrhagic gastritis involving 
the fundus, body, and antrum. A total gastrectomy would have 
been necessary to eradicate the bleeding mucosal surfaces. A 
four-vessel ligation was performed and the bleeding promptly 
ceased. Five days later, oral intake was started; the fasciitis 
resolved after debridement and the patient was discharged two 
weeks later. He was readmitted in 6 weeks for skin grafting. 
Overnight acid collection showed no free acid. 


Comment 


This case illustrates the value of gastric devascular- 
ization. The patient was in less than optimal condition 
from his diabetes and was bleeding massively so thatan | 
operation was unavoidable. A total gastrectomy would 
have required a long convalescence and would have 
made the management of his diabetes much more 
difficult. 


Case 2. A 58 year old male was admitted with massive upper 
gastrointestinal bleeding. He had a history of ethanol abuse. 
His arterial pressure was 60 mm Hg on admission and he re- 
quired six units of blood for hemodynamic stabilization. Although 
his bleeding subsided with iced saline lavage and levarterenol, 
he promptly rebled requiring 2000 cc additional replacement. 

Esophagogastroduodenoscopy showed hemorrhagic gastritis in- 
volving the entire fundus and most of the body of the stomach. 
There was no evidence of varices or duodenal ulcer. At opera- 
tion the stomach was not opened and a gastric devasculariza- 
tion was performed. The stomach blanched and the bright red 
blood which had been returning through the tube quickly 
cleared upon irrigation. The patient did not rebleed and was 
eating a regular diet five days after the operation. Postoperative 
secretory studies four months later showed no free acid. 
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Fic. 3. Postmortem micro- 
scopic examination of the 
stomach in this patient who 
was seven days postopera- 
tive from a gastric devascu- 
larization showed autolysis 
of gastric mucosa but there 
was no evidence of gastric 
wall necrosis. 


Comment 
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Several points are important to consider in this 
case. If an unequivocal diagnosis can be made by 
endoscopy, then the stomach need not be opened. 
This lessens the risk of contamination considerably. 


FiG. 4. This photomicro- 
graph is from an autopsy 
specimen of a patient who 
died 48 hours following 
gastric devascularization 
for gastritis secondary to 
alcohol abuse. The cause of 
death was liver failure. Fo- 
cal areas of ulceration and 
acute inflammation were 
present in some portions of 
the stomach but there was 
no gastric necrosis. 


Second, the devastating result of DHG. i.e.. bleeding, 
Is often a temporally short problem, therefore the 
operation to appropriately treat the problem should 
not have the long-term morbidity of a major resec- 
tion. In this case intestinal function was normal after 
five days and the patient was discharged in 8 days. 





654 


Discussion 


Few subjects in surgical practice have evoked as 
much controversy as the operative treatment for diffuse 
hemorrhagic gastritis. As in any other disease in 
which the underlying cause is unknown, a variety of 
treatment modalities have been advocated. Drapanas? 
reviewed the surgical literature from 1949 to 1970 and 
found that the rebleeding rate was high in all 
operative procedures although vagotomy and resection 
carried only a 15% rebleed rate and a 20% 
mortality. Thirty-four of 118 patients (29%) with 
vagotomy and drainage rebled. Bryant and Griffen! re- 
ported an unacceptably high rebleed rate after vagot- 
omy and pyloroplasty, which is similar to our 
experience. Although some authors® have reported 
good results with total gastrectomy, we doubt that 
this is an operation that can be done with such good 
results by most surgeons. We also believe it offers 
many long-term sequelae for a temporally short 
disease process. Because gastric devascularization can 
be performed safely, quickly, stops bleeding promptly 
and has a low rebleed rate, we recommend its more 
widespread use for this disorder. 

Although not within the scope of this paper, 
mention should be given to our experience using 
gastric devascularization for other disorders that 
cause upper gastrointestinal bleeding. It was used once 
for erosive duodenitis that had bled intermittently 
over several days. The patient was an extremely poor 
operative risk and a devascularization was performed. 
The patient did not rebleed and eventually re- 
covered from the primary problem. Our experience is 
too limited for us to recommend the procedure for 
this disorder. 

We have also performed the devascularization pro- 
cedure on 12 patients with bleeding esophageal 
varices. Seven of these patients had undergone 
previous porto-systemic shunts that failed and the 
remaining five were not considered suitable candi- 
dates for any type of shunting procedure. Although 
the initial hemorrhage was controlled in all 12 patients, 
8 subsequently rebled. Ten of the 12 patients died and 
only one survived without rebleeding. He has not 
rebled in over a year of follow-up. Even though the 
initial bleeding is controlled, our poor results indicate 
that this procedure has no place in the management 
of even end-stage cirrhotics with variceal bleeding. 

The documentation that gastric and duodenal 
erosions occurred frequently and early after major 
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trauma? and thermal injury? prompted a great 
deal of speculation and experimental work on the 
pathogenesis of "stress ulcer." A number of theories 
have been proposed to explain the observed phenom- 
ena. Back diffusion due to ischemic injury?’ alter- 
ations in mucosal flow during ischemia,? and changes 
in gastric mucosal energy metabolism? are several 
that have been proposed. The central factor in all of 
these theories is ischemia. Ritchie? has summarized 
much of the experimental work noting species differ- 
ences and has added a note of caution that the 
precise relationship between ischemia and so-called 
"stress bleeding" is far from being well understood. 
The clinical data presented in this series adds 
further confusion to the role of ischemia in the pro- 
duction of hemorrhagic gastritis. Gastric devascular- 
ization is in many ways the ultimate ischemic prepara- 
tion for the gastric mucosa, however few if any 
of our patients develop subsequent bleeding. This 
paradoxical situation only further shows the limited 
understanding we have of this complex disease 
entity. 
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Dr. RoBERT Zerra (Miami, Florida): I told Dr. Aust that I'd 
never applied the gastric devascularization to massive bleeding 
from the stomach, but that didn't alter his zeal on my coming 
up here, simply, I guess, because we've done a few gastric 
devascularization procedures in the past for other purposes. 

One word about the diffuse gastric bleeding. That's been a 
disappearing problem in our ICU with the use of massive and 
continual antacid therapy. I suspect that's the reason. At any 
rate, they seem to coincide in time—the utilization of antacids— 
and this would suggest that the concept of acid back-diffusion 
is an important one in this disease. 

From that point of view, then, the vessel ligation procedure 
described by Drs. Richardson and Aust should be effective in 
controlling this, since I believe it was some 25 years ago 
that the paper appeared in the British surgical literature describing 
a rather extensive experience in the therapy of peptic ulcer 
disease in India by four-vessel ligation. 

Unfortunately, if I remember correctly, that report was—well 
contaminated by a number of episodes of gastric necrosis. 

Now, in the cirrhotic patients who have undergone devascular- 
ization procedures in our experience, the operation is somewhat 
different. We hang the stomach on the right gastroepiploic, but 
then all the communicating branches coming into the greater 
curvature and into the lesser curvature and into the lower 6 
cm of esophagus are destroyed, and the spleen is removed. 

I might add that the stomach doesn’t blanch when we're 
through. It's usually a very sickly purple color. Fortunately, 
they survive without perforation, and we have had quite long 
follow-up on a very few of these patients. One of the patients that we 
performed this procedure on at Chapel Hill when I was there 
has recently moved to Miami, and she's now survived 20 years 
after a gastric so-called devascularization after the method of 


Dr. Womack, my late chief, and has not bled during this interval 
of time. 


Dr. JAMES C. THOMPSON (Galveston, Texas): I think this disease 
is disappearing, and I don't think we know why. For a while, 
we thought we were preventing it by vigorous prophylactic 
administration of antacids, but we and others have found that 
even when we relax the prophylaxis, we are not seeing nearly 
so much serious bleeding from gastritis. 

I think that it may well be due to the fact that we began to 
understand that it followed certain crises, particularly hypovolemic 


~e and septic crises, and perhaps we have learned better to treat 


TS 
" 


them. 
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It certainly is interesting, Dr. Aust, that you got these patients 
together and operated upon them, because I'm not sure that 
we're going to be able to find a series to refute you with. 


DR. J. DAVID RICHARDSON (Closing discussion): I do think that the 
idea of devascularizing the stomach for diffuse hemorrhagic 
gastritis is a provocative and controversial concept. We cer- 
tainly approached this procedure with a great deal of trepida- 
tion especially because of some previous reports of gastric 


. necrosis that had occurred with the use of selective embolizat:on 


into gastric arteries for hemostasis. As we stated in the presenta- 
tion, we have had no evidence of gastric necrosis in our series. 

We tend to view diffuse hemorrhagic gastritis as another 
manifestation of end organ failure, if you will, that of the gastric 
mucosa failing, just as we often see hepatic, renal and respiratory 
failure in our multiple trauma and septic patients. 

I think there are two points that deserve emphasis. 

As our slide on the incidence of operations required for diffuse 
hemorrhagic gastritis illustrates, and as both our discussers have 
commented, the number of patients who are requiring operations 
certainly seems to be less, and hopefully there will be fewer 
patients in the future who will need operative treatment for 
gastritis. It has been our experience in San Antonio that when 
these patients do bleed, they tend to be the kind of patients 
who have multiple problems such as multiple organ failure 
and altered coagulation factors such that a major gastric 
resection would be poorly tolerated. 

Secondly, I think the applicability of this procedure, certainly 
should be limited. This slide illustrates the results of gastric 
devascularizaton in 12 patients who were bleeding from sources 
other than hemorrhagic gastritis. We treated one patient with 
hemorrhagic duodenitis successfully, and we treated 12 patients 
with severe esophageal varices with this operation. Seven of the 
12 patients had failed shunts, and five were considered not 
to be a candidate for shunt therapy. Eight of those patients 
rebled, although the acute bleeding was stopped by the opera- 
tion in all patients. We would emphasize that this was not the 
classic Womack operation and did not mclude a splenectomy. 

Ten of those patients subsequently died at some point in the 
postoperative period and we have only one patient who is now 
17 months postop, who has not rebled and is alive and well. 
So we feel that this particular operation does not have a place 
in the management of patients who are bleeding from varices 
but is a very useful salvage procedure for the patient with 
massive exsanguinating hemorrhage from diffuse hemorrhagic 
gastritis. 


Perforated Duodenal Ulcer Managed by Proximal Gastric 
Vagotomy and Suture Plication 


JOHN L. SAWYERS, M.D., J. LYNWOOD HERRINGTON, JR., M.D. 


Twenty-one patients with acute perforated duodenal ulcer 
were managed by proximal gastric vagotomy without drainage 
and simple closure of the perforation reinforced with an 
omental patch. There was no operative mortality. No recur- 
rent duodenal ulcers have developed. All patients have achieved 
a good to excellent clinical result from their operation. Dump- 
ing, diarrhea, and reflux gastritis have not developed. Follow- 


up studies extend to three and one-half years. Proximal gastric - 


vagotomy with simple closure is safe, effective management 
for the patient with an acute perforated duodenal ulcer. This 
operation is a satisfactory compromise between simple closure 
alone which does not protect against recurrent ulcer and 
definitive ulcer operations which may subject patients who 
would not have further ulcer symptoms to the unnecessary 
risk of increased mortality, morbidity, and postgastrectomy 
disorders. 


URGICAL RATHER THAN non-operative treatment is 
S accepted for the treatment of acute perforated 
duodenal ulcer, but controversy exists between pro- 
ponents of suture plication (simple closure) and sur- 
geons who prefer a definitive operation to control the 
ulcer diathesis at the initial operation. Following simple 
closure of a perforated duodenal ulcer, only one in 
four patients* remains completely and permanently free 
of ulcer symptoms. Definitive operation as initial 
management, however, subjects some patients to an 
unnecessary operation to control their ulcer diathesis. 
Some of these patients may unfortunately develop 
'*postgastrectomy sequelae” of dumping, diarrhea or 
reflux gastritis. 

Proximal gastric vagotomy has been reported to 
control the ulcer diathesis and reduce postgastrectomy 
complications.? The operation has a very low mortality 
and morbidity rate. This study was undertaken to 
evaluate the effectiveness of proximal gastric vagot- 
omy without drainage as a definitive operation in asso- 
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ciation with simple closure in patients having acute 
perforated duodenal ulcer. 


Clinical Material 


During the past three and one-half years, the authors 
have performed proximal gastric vagotomy and simple 
closure in 21 patients who presented with an acute 
perforation of a duodenal ulcer. There were 17 men 
and four women. The age range was from 22 to 88 years 
with more than one-half of the patients being less 
than 50 years of age. 

A known duodenal ulcer or typical duodenal ulcer 
symptoms had been present in 13 patients (6296) prior 
to perforation. Most patients were seen within 12 
hours after the onset of symptoms, but two patients 
were operated upon one and three days after per- 
foration. The patient with a duodenal ulcer perfora- 
tion of three days duration was in the hospital recover- 
ing from a lobectomy for carcinoma of the lung. The 
diagnosis was made when pneumoperitoneum was 
shown by x-ray examination. 


Operative Technic 


After preoperative preparation consisting of naso- 
gastric suction, correction of hypovolemia and elec- 
trolyte imbalance, and initiation of antibiotic therapy, 
emergency operation is performed through an upper 
midline incision. After identifying the site of the per- 
forated duodenal ulcer, simple closure of the perfora- 
tion reinforced with an omental patch as advocated 
by Graham? is performed using interrupted silk 
sutures. The peritoneal cavity is then carefully and 
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thoroughly irrigated with a Jarge volume of sterile^ 


saline. 
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Proximal gastric vagotomy is then performed using 
the technic described by Goligher. No attempt is 
made to map out the parietal cell area by pH probe 
or dye studies; rather the antral-parietal border is 
determined anatomically by visualizing the insertion 
of the branches of the anterior nerve of Latarjet 
onto the lesser curvature of the stomach (the ''Crow's 
foot"). This point is usually 7-10 cm proximal to 
the pylorus and coincides with the junction of gastric 
antrum and parietal cell mass. The dissection begins 
proximal to the **Crow's foot” and continues cephalad 
opening the anterior layer of the gastrohepatic omen- 
tum and dividing all tissue entering the anterior wall 
of the stomach along the lesser curvature. The neuro- 
vascular bundles are each doubly clamped with fine 
curved forceps, divided and ligated with silk. Only 
very small bites of tissues are incorporated in the 
clamps. Dissection continues up to the cardia. The 
posterior layer of the gastrohepatic omentum is then 
freed from the lesser curvature of the stomach be- 
ginning proximal to the insertion of the posterior 
nerve of Latarjet onto the antrum. 

As the dissection approaches the gastroesophageal 
junction, the peritoneum overlying the distal esophagus 
is incised in a transverse direction, and the abdominal 
esophagus is encircled with a tape or narrow Penrose 
drain. It is important to continue the dissection 
cephalad onto the abdominal esophagus for a distance 
of approximately 5 cm above the angle of His. 
Coursing along the left lateral wall of the esophagus 
is a constant vagal nerve fiber that enters the 
fundus of the stomach. This nerve arises high from 
the posterior nerve of Latarjet and may be missed 
unless the dissection is extended upward onto the 
abdominal esophagus. Professor Guessipi Grassi has 
referred to this vagal fiber as ‘‘the criminal nerve"? 

After skeletonizing the distal 5-7 cm of the abdomi- 
nal esophagus, a very superficial circumferential inci- 
sion is made around the esophagus with a #15 scalpel 
blade to divide any fine longitudinal nerve fibrils that 
run distally to the proximal cardia. - 

As a final step the anterior and posterior walls of 
the lesser gastric curve are plicated with interrupted 
fine silk sutures from the esophagogastric junction 
distally to the insertion of the nerves of Latarjet onto 
the antrum. 

No pyloroplasty or other gastric drainage procedure 
is performed. The gastric antrum remains vagally in- 
nervated via the nerves of Latarjet, but the proximal 
parietal cell mass is vagally denervated. The abdomi- 
nal midline incision is closed in anatomical layers 
without using peritoneal or wound drains. Patients 


~ are maintained on nasogastric suction and intravenous 
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fluids until intestinal peristalsis resumes and a liquid 
diet is tolerated (usually three days). 


Results 


There has been no operative mortality in the patients 
who had their acute perforated duodenal ulcer managed 
by simple closure and proximal gastric vagotomy 
without drainage. Onelate death occurred in the patient 
who had carcinoma of the lung; but he had no com- 
plications from the operation for treatment of his per- 
forated duodenal ulcer. 

One patient had a non-fatal pulmonary zmbolus 
after operation. His perforated duodenal ulcer occurred 
soon after a traumatic amputation of his lower ex- 
tremity. Two patients developed superficial! wound 
seromas after operation, but their hospital stay was 
not prolonged. 

Follow-up studies from 6 months to three and one- 
half years are available on these patients. Eleven 
patients have been followed from one to two years, 
five from two to three years and one for three and 
one-half years. No proven or suspected recurrent 
duodenal ulcers have developed. 

One patient who had been hospitalized for cirrhosis 
of the liver, ascites and pancreatitis was found to have 
a lesser curvature 0.5 cm gastric ulcer at the angularis 
as well as a perforated duodenal ulcer. His perforated 
ulcer was managed bv Graham closure and proximal 
gastric vagotomy. The gastric ulcer was no: treated. 
Gastroscopy performed one month after operation 
showed that the duodenal ulcer was healed but the gastric 
ulcer was still present. Repeat gastroscopy three weeks 
later showed no gastric or duodenal ulcer. This patient 
has been followed more than two years with annual 
gastroscopy. The duodenum appears normal and the 
gastric ulcer on the lesser curve has remained healed, 
but superficial erosions suggesting gastritis have been 
noted on the greater curvature of the stomach. The 
patient continues to be an alcoholic abuser. 

A 43-year-old man is of interest because he had 
been taking prednisone for five years for treatment 
of rheumatoid arthritis prior to perforation of his duo- 
denal ulcer. After closure of his perforation and 
proximal gastric vagotomy, he has been maintained 
on prednisone 5 mg daily for more than two years. 
He has had no symptoms of peptic ulcer disease. His 
basal acid hourly output is 1.8 mEq, and his Hollander 
test Is negative. 

"Postgastrectomy sequelae" have been minimal. 
Two patients had epigastric fullness for three weeks 
after operation. One patient had mild diarrhea for the 
first month after operation, but is asymptomatic now. 


658 


No patient has symptoms of dumping syndrome, and 
none has reflux gastritis. The overall clinical results 
from the operation are considered excellent in 18 
patients and good in three. 

No preoperative gastric analysis studies could be 
obtained because the. patients presented with acute 
perforated duodenal ulcer. Five patients have had post- 
operative gastric analysis studies. The basal acid output 
has ranged from 0.1 to 2.0 mEqg/hr. Ali five 
. patients have negative Hollander tests. 


Discussion 


Attempts have been made preoperatively to dis- 
tinguish between patients who may need definitive 
operation from those who need only simple closure. 
Greco and Cabow? recommend definitive operation 
be limited to male patients between the ages of 40 
and 64 who have a history of chronic duodenal ulcer 
disease prior to perforation. In a recent review of 
our experience with patients having perforated duo- 
denal ulcer, we advocated definitive operation only 
for good-risk patients with a history of previous duo- 
denal ulcer disease. At that time we reported four 
patients managed by simple closure of their perforated 
ulcer and proximal gastric vagotomy. Since these 
patients did well with no incapacitating side effects 
from their definitive operation, we continued using 
this procedure for patients with perforated duodenal 
ulcer. 

Jordan!? has recently reported his experience with 
treatment of 157 patients with perforated duodenal 
ulcer. Forty patients were managed by simple closure 
alone because of the patient's condition. Other patients 
were randomized between vagotomy-hemigastrectomy 
and vagotomy drainage. Reoperation was required in 
three patients after vagotomy-drainage and in one 
patient after vagotomy-hemigastrectomy. The fre- 
quency of postoperative gastric complaints was essen- 
tially the same in each group. To reduce postopera- 
tive gastric sequelae and still protect against ulcer 
disease, Jordan started using proximal gastric vagot- 
omy (parietal cell vagotomy) without drainage. He has 
reported this in 13 patients with perforated duodenal 
ulcer. All patients had good to excellent results with 
follow-up to two years. 

Johnston? and Goligher? in England have reported 
excellent results using proximal gastric vagotomy in 
15 patients with perforated duodenal ulcer. Barroso? 
in Brazil has managed 13 patients with perforated 
duodenal ulcer by simple closure and proximal gastric 
vagotomy without drainage. He had one death from 
respiratory difficulty. The other patients have had 
excellent results. 2 
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The incidence of undesirable side effects from a defin- 
itive operation to control the ulcer diathesis is less 
after proximal gastric vagotomy without drainage than 
after other operations. The incidence of dumping, 
diarrhea, and reflux gastritis is significantly reduced.!* 
Gastric emptying remains essentially normal. When 
performed correctly, proximal gastric vagotomy pro- 
tects against the early recurrence of ulcer. Hallen- 
beck! has emphasized the need for correct surgical 
technic in performing proximal gastric vagotomy, es- 
pecially in the periesophageal dissection. 

Proximal gastric vagotomy without drainage was per- 
formed experimentally by Griffith and Harkins in 
1957,99? but not used in man until 1969 when Johnston 
and Amdrup independently performed the operation 
in patients intractable to medical therapy for duo- 
denal ulcer. In 1964 Holle? introduced proximal 
gastric vagotomy in patients with duodenal ulcer 
disease, but have always added a concomitant 
pyloroplasty. Johnston is apparently the first surgeon 
to use proximal gastric vagotomy without drainage in 
a patient with an acute perforated duodenal ulcer. 

Proximal gastric vagotomy without drainage is 
widely used in Europe for the surgical treatment of 
duodenal ulcer. Johnston? has collected over 5,000 
patients from a survey of the literature. The opera- 
tive mortality is only 0.326. The safety of the opera- 
tion, minimal morbidity after operation, and reduced 
incidence of sequelae from ''postgastrectomy syn- 
drome” are well accepted. However, the effectiveness 
of the operation in long-term control of the ulcer 
diathesis is not known. Preliminary and interim reports 
extending up to 7 years are encouraging with ulcer 
recurrent rates of 0—6.496.! Goligher? reports only one 
patient with a recurrent duodenal ulcer in 100 patients 
who have been followed more than five years. 

Proximal gastric vagotomy without drainage added 
to simple closure of perforated duodenal ulcer appears 
to be a satisfactory compromise between simple clo- 
sure alone which does not protect against continuing 
or recurrent ulcer symptoms and definitive ulcer opera- 
tions which may impose the risk of postoperative 
gastric side effects on patients who may not have 
further ulcer symptoms. Experience with 21 patients 
indicates that proximal gastric vagotomy is a safe, 
effective additional procedure to add to simple closure 
for the patient with an acute perforated duodenal 
ulcer. 
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DISCUSSION 


Dn. PauL H. JonDAN, Jr. (Houston, Texas): Highly selective 
vagotomy, or parietal cell vagotomy, was first used in combination 
with a pyloroplasty for the treatment of duodenal ulcer by Fritz Holle 
about 12 years ago. This type of vagotomy, used without drainage, 
was introduced independently by Johnston and Amdrup approxi- 
mately 7 years ago. The resuits of the latter procedure with respect to 
reducing the adverse effects of dumping, diarrhea, bilious vomiting, 
sometimes associated with conventional types of gastric surgery, 
have been excellent, as the present study by Sawyers and Herrington 
indicates. 

The long-term results with respect to the incidence of recurrent 
ulcer is still awaiting a final answer. At the present time tt appears that 
the recurrence rate is in the vicinity of 5% when the procedure is 
properly performed. 

With respect to the utilization of this operation for duodenal ulcers, 
with the complications of bleeding, perforation, and obstruction, or 
for gastric ulcers, our information is more rudimentary and 
fragmentary. The results of parietal cell vagotomy in patients with 
perforated duodenal ulcer that Dr. Sawyers has reported is a cautious 
extension of the use of parietal cell vagotomy into an area less well 
explored than has the use of the operation for the elective treatment of 
duodenal ulcer. 

This report, as well as several others, some of which he men- 
tioned, that have appeared on this subject, suggests that the 
results with parietal cell vagotomy, when combined with a patch 
closure of the perforation, provides an excellent way to handle 
many patients with pertorated ulcer. 

Although many patients with perforation not treated with a 
definitive procedure will continue to have symptoms and require 
further surgery, there is a substantial number that will have no 
further trouble. The difficulty is our inability to precisely identify 
those patients who will and those who will not continue to have 
ulcer symptoms if untreated. l 

Being unable to do this, it seems unreasonable, then, to per- 
form definitive surgery of the conventional variety on all patients 
who have a perforation, and thus incur a significant ‘incidence 
of undesirable side effects in patients who might not have re- 
quired definitive surgery. 

Dr. Sawyers’ results, therefore, suggest that parietal cell vagotomy 
without drainage may be a satisfactory compromise between the 
use of simple closure that does not protect patients against 
recurrent ulcer, and the use of vagotomy and hemigastrectomy, 
" or vagotomy and drainage, which impose increased morbidity on 
those patients who might not have had further ulcer disease. 
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We therefore concur with Drs. Sawyers and Herrington in their 
thesis, and our results in 23 patients similarly treated completely 
support their conclusions. 

I would like to ask Dr. Sawyers and Dr. Herrington what 
precautions do they take at the time of the operation to avoid 
performing parietal cell vagotomy in a patient who may have a 
pyloric lumen of inadequate size, leading to obstruction? 

The other question is: How do they feel about the application 
of this procedure in patients with a prepyloric ulcer which 
has the same clinical characteristics as a duodenal ulcer, or 
with the garden variety of gastric ulcer at the angularis incisura 
that is unaccompanied by a duodenal ulcer? 


Dr. EpwaARD R. WoopwWanRDp (Gainesville, Florida): I want to 
ask the authors in how many cases they were not able to 
perform this for their patients in whom the inflammatory reaction 
was advanced to the point where this wasn't feasible. I would 
suspect that probably the lesser curvature is quite well protected oy 
the liver, and that this particular area may be much mcre 
accessible than we would commonly think. 

We haven't used definitive surgery extensively in patients w:th 
perforation, largely because in our locale we tend to get patients 
rather late; but I certainly think that the concept is sound. 

Are there patients, however, where a nonrecurring stress relat- 
ing to the perforation, which was present in two of their cases, 
would indicate that recurrence of perforation or development of 
persistent duodenal ulcer symptoms would be most unlikely? 
Wouldn't it be prudent to omit parietal cell vagotomy in such 
patients? 

Also, in their manuscript I noticed that they plicate the serosa- 
covered posterior and anterior walls of the stomach over the 
area where the branches of the vagi have been transected, and 
I wonder if they feel this is essential. We don't do it, and 
have found no cause to regret it. What do they think the ad- 
vantages are of this maneuver? 


Dr. PATRICIA C. MOYNIHAN (Jackson, Mississippi): I deal pri- 
marily in pediatric surgery, but I thought it might be appropriate 
to share with you some of the cases that we have seen in 
the neonate in recent years. As a matter of fact, in the last 
two years we have had 8 cases of newborn infants who had 
duodenal ulcer problems, and these were divided into 6 infants who 
had anterior perforation and two infants who had posterior bleed- 
ing also. The male-to-female ratio was 1:1. 

Simply, we could categorize these patients into two categories. 
One is the stress infant, who is the premature infant with 
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hyaline membrane disease, or sepsis, or a difficult delivery. 60% 
of our patients were in that category. 40% were in the category 
of the full-term, uncomplicated pregnancy and delivery, except in 
one infant (and I might mention that it was a male infant) who 
was age 24 hours, was circumcized, and :8 hours later had a 
bleeding duodenal ulcer. 

The average onset of symptomatology in all of these patients, 
whether it be perforation or bleeding, was three days. And what 
we have been doing, simply, Dr. Sawyers, in the perforated 
cases was to oversew and use an omental patch; and in the 
case of the posterior bleeding ulcers, to use the oversewing of 
the bleeding ulcer. 

I would like your opinion, or your comments, on your experience 
with patients in this category. And do you think vagal stimula- 
tion is an important etiological factor? 


Dr. KENNETH ENG (New York, New York): Dr. Sawyer and 
Dr. Herrington are to be commended for showing that the per- 
forated duodenal ulcer can be treated by suture plication and 
proximal gastric vagotomy safely and with excellent long-term 
results. 

Certainly, if any definitive operation is to be performed, it should 
be one that produces a minimum of postoperative sequelae, 
since inevitably some patients would otherwise have had no further 
ulcer symptoms. And I think this is really analogous to the 
question that Dr. Dunphy raised about prophvlactic antibiotics. 

In the past four years we have treated 7 patients with per- 
forated duodenal ulcer by plication and proximal gastric vagotomy 
at New York University with good results. Our series would 
have been larger, except that we have had some difficulty in 
obtaining consent. These patients are invanably very sick, and 


are anxious to get on with their operation. However, when the 


words "experimental operation” or ‘‘new operation'' are mentioned, 
their ears perk up, and often the answer is no. 

The question that I would like to pose is whether the excellent 
results presented here today, and with the excellent long-term 
results reported from England and Denmark for proximal gastric 
vagotomy, are we now justified in considering this operation, at 
least for this indication, as an accepted procedure in our 
armanentarium? 

Proximal gastric vagotomy adds little to the morbidity of the 
operation or the long-term course, and offers great potential 
benefits. 


Dr. J. Lynwoop HERRINGTON, Jr. (Closing discussion): Dr. 
Jordan, we certainly appreciate your splendid historical review. I 
think it is indeed unfortunate that we do not have a more precise 
method at the present time to define the high-risk patient, who 
after an acute ulcer perforation is most likely to develop further 
ulcer problems. 

Dr. Sawyers and I have had no experience with gastric outlet 
obstruction treated by proximal gastric vagotomy. However, as 
some of you know, David Johnston in Bristol, England has 
done 20-odd consecutive cases, many of them with a marked 
degree of stenosis in which he treated with proximal gastric vagot- 
omy alone. These represented consecutive cases. He had a 10% 
incidence of persistent obstruction, where he had to go back in 
and do a drainage operation, or had to remove the gastric antrum. 

We have had patients, though, who have had a mild to moderate 
degree of obstruction and at the time of operation, I passed a 
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fairly large Maloney dilator down through the obstruction without 
any dificulty. I did not treat these patients with parietal cell 
vagotomy, but treated them with a truncal vagotomy and a distal 
gastric resection. I am, however, convinced that some mild to 
moderate cases of obstruction can be adequately treated by intra- 
operative dilation and proximal gastric vagotomy. 

Dr. Jordan, if we had a patient who presented with both a duo- 
denal ulcer and a prepyloric ulcer, these people, as you well know, 
are hypersecretors, they have true duodenal ulcer disease, and we 
would treat them with a proximal gastric vagotomy if they had 
no evidence of obstruction and they were good risk. 

Now, with a pure gastric ulcer, a Johnson type I ulcer, in which 
there is no associated duodenal ulcer or duodenal scarring, we 
would not treat the patient with a proximal gastric vagotomy, but 
would treat him with a distal antral resection and an end-to-end 
gastroduodenostomy. 

Again, David Johnston has done 70 cases of proximal gastric 
vagotomy for pure gastric ulcer, type I. However, in 15% of his 
patients with gastric ulcer there was so much induration and edema 
about the lesser gastric curve that he could not do a proximal 
gastric vagotomy, and had to do another standard operation. 

Dr. Woodward, our perforated ulcer series represented practically 
consecutive cases. Many of them had a fair to moderate degree 
of spillage, and we do not pay very much attention to the time 
interval of 12 to 24 hours since perforation. We just use our judg- 
ment. If we get the abdomen clean, and everything looks good 
and the patient is in good shape, we then go ahead and do the 
proximal gastric vagotomy. Obesity has been no contraindica- 
tion to the operation. I believe the largest patient who received 
a proximal gastric vagotomy weighed 230 pounds. 

Dr. Sawyers probably prefers to plicate the ulcer. I use the 
Graham patch technique, which I think is much better, Dr. 
Woodward. l 

Dr. Moynihan, I think with Dr. Jim O'Neill, if he is in the 
audience that he might perhaps feel different, but with a perforated 
ulcer in the newbom, I would simply close the ulcer, and not 
do anything else. However, in a child 6 to 12 years old, I would 
not hesitate on an elective basis to do a parietal cell vagotomy 
or a truncal vagotomy/antrectomy. 

Dr. Eng, I think proximal gastric vagotomy is being used more 
and more throughout the world today. Of course, as you know, 
for about 6 tọ 8 years now it has been used extensively 
throughout the European countries and in Great Britain. It has 
been used on a lesser scale in America, and its use has been 
confined largely to University Centers. I think that before one 
undertakes a proximal gastric vagotomy, one should be taught how 
to do the operation correctly, because certainly the operation is 
doomed to fail unless it is done correctly. I think that the time 
has arrived when we should begin to use this operation on a 
wider basis. 

I feel at the present time, and I want to qualify this by saying 
"currently", proximal gastric vagotomy is proving more effective 
in preventing recurrent ulceration than is truncal vagotomy with 
pyloroplasty. I think it is probably just as effective, or perhaps 
more effective, than gastric selective vagotomy plus pyloroplasty, 
but not as effective in preventing recurrence as is truncal 
vagotomy and antrectomy. The advantages of the operation are its 
low morbidity, low mortality, and diminished long-term side effects 
where compared to the standard operations for ulcer. We are 
very encouraged with our preliminary results thus far. 


~ 


T 


T DECADES HAVE PASSED since the Zollinger- 


Elison syndrome was firmly established as a 
clinical entity.+1°!” Since that time the known di- 
mensions of this complex entity have continued to 
expand. The purpose of this report is to use an 
analysis of 12 cases of the Zollinger-Ellison ulcerogenic 
syndrome, and one case of the non-ulcerogenic 
WDHA syndrome, to present data relative to a wide 
range of challenging clinical circumstances and 
problems. These data include (1) sex, race and age 
distribution including one child, (2) the multiple endo- 
crine adenomatosis (MEA) syndrome, (3) types of 
information developed in the diagnosis of the Z-E 
syndrome, (4) associated hypergastrinemia and hy- 
perinsulinemia in two patients, (5) variations in plasma 
gastrin levels, (6) operative and other management of 
the Z-E tumors with results, (7) absence of tumor 
regression following total gastrectomy, and (8)a 
detailed case report of a remarkable patient who had 
both hypergastrinemia and hyperinsulinism, under- 
went total gastrectomy, and whose malignant islet cell 
tumor responded to streptozotocin therapy and was 
**debulked"' four times over a period of 14 years. 


Patient Material 


The cumulative data derived from the study of 
12 patients with the Z-E ulcerogenic syndrome are 
presented in Table 1. The ages ranged from 9 to 71 
years. There were 11 men and one woman in this 
series extending from 1959 to 1976. Fight of the 
patients were black and four were white. However, 
this age, sex and race distribution is not particularly 
significant, since the number of cases reported is 
relatively small. Black and white patients are admitted 
to the University Hospital in almost equal numbers. 


<{ In the 10 patients in whom histologic proof was 
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obtained by biopsy, the ulcerogenic islet cell lesion 
represented neoplasia rather than hyperplasia. 


Diagnosis 


History. A striking feature in any series of patients 
with the Z-E ulcerogenic syndrome is the intract- 
ability exhibited in the face of multiple modes of 
therapy. It is not uncommon for the patient to have 
been treated medically for a period of time, then to 
have developed various of the complications of peptic 
ulcer for which a number of operations may have been 
performed over the years, and finally to be accurately 
diagnosed and be subjected to total gastrectomy. In 
our series, the duration of symptoms prior to 
accurate diagnosis and total gastrectomy in 8 patients 
so treated ranged from a few months in a 9 year old 
boy (the first child reported with Z-E tumor, in 1959) to 
11 years. 

In general, the patient with the Z-E tumor will 
be found among those patients whose ulcer diathesis 
has not been managed adequately by vagotomy- 
pyloroplasty or vagotomy-hemigastrectomy. While the 
serum gastrin level should now ideally be determined 
in the study of any patient with intractable peptic 
ulcer disease, certainly no patient should be subjected 
to a second operation for peptic ulcer without gastrin 
studies. Although a long and virulent peptic ulcer 
diathesis was the most conspicuous historical feature, 
two patients initially exhibited hyperinsulinism. One of 
these two patients first presented with coma due to 
profound hypoglycemia caused by a malignant 
insulinoma (patient J.K.H.) and the other patient 
had a benign insulinoma with psychiatric aberra- 
tions, but both patients eventually developed severe 
bleeding ulcer problems. The patient with the malignant | 
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TABLE 1. Cumulative Clinical Data 


Length of Ulcer Survival after 
Symptoms Prior Total 
Name (Age, Sex) to dx Gastrectomy 
J.C.H. (6,41) 8 years 20 days 
A.B. (d, 43) 6 years Living at 
12 months 
B.F. (3d, 18) 7 months 
B.M. (3, 31) 13 years 
H.G. (3, 72) 3 1/2 years 
E.M. (9, 60) 5 years 
J.L. (8, 35) 2 1/2 years 
W.H. (3d, 28) 10 years Living at 
8 years 
E.B. (d, 19) 8 months 7 months 
N.B. (6,63 4 1/2 years Living at 
10 months 
J.K.H. (8, 53) 4 years 10 years 
H.H. (3, 48) 11 years 33 months 


* Indicates patients undergoing total gastrectomy. 


insulinoma originally had negative serum bioassays 
for gastrin, both at the University of Mississippi 
Medical Center and Ohio State University, only 
later to develop very high serum gastrin levels 
characteristic of the Z-E tumor. In this connection, 
it is of interest that a late follow-up of 6 of Whipple’s 
original 28 cases of pancreatic insulinoma revealed 
that three of the six had later developed peptic 
ulceration with hemorrhage.’ 

Three of our patients exhibited multiple endocrine 
adenomatosis (MEA). In addition to the two patients 
who had hyperinsulinism, another patient had hyper- 
parathyroidism associated with a goiter in addition 
to the Z-E syndrome. Although there appeared to be 
evidence that a sister of one patient might have had 
hyperinsulinism, this was not documented because she 
was not available for study. Thus, all our patients 
with the Z-E syndrome may have represented 
sporadic rather than familial instances of this 
condition. 

Gastric Secretion. As reported in many other series, 
the volumes of gastric juice and the amount of acid 
contained therein were truly remarkable in a number 
of our patients. For example, the daily gastric 


Number of 
How Gastrin and Surgical 
Diagnosed Bioassay Results Procedures 
I. node (t) assay 3" 
I. node gastrin 3* 
740 
565 
liver 4* 
3 
autopsy l 
liver 3 
pancreas 3 
no tissue pos. bioassay I* 
proof 
liver pos. bioassay 1* 
no tissue gastrin 5* 
proof 955 
1607 
pancreas — assay 6* 
— assay 
gastrin 
1050 
— assay 1” 
— assay 
+ assay 


suction output in one patient (patient J. C. H.), who did 
not have pyloric obstruction, was 8 to 10 liters. 
In the single child, at operation, the gastric juice 
was being formed so rapidly during the course of an , 
initial vagotomy-gastrojejunostomy that this fluid had 
to be aspirated continuously to clear the field. 
It was not appreciated at the time of that operation 
that this patient had a Z-E tumor, but subsequently 
a liver biopsy taken then was so diagnosed, and 
two weeks later a total gastrectomy was performed, 
precipitated by perforation of a marginal ulcer. 

The level of gastric acid secretion was never em- 
ployed as the sole basis for electing total gastrectomy 
in our series. The indications for total gastrectomy 
included actual biopsy proof of the islet cell tumor 
in 6 of the 8 patients in whom total gastrectomy 
was eventually performed, but high serum gastrin 
levels and other data sufficed in two patients. Four 
patients did not come to total gastrectomy: the tumor 
was diagnosed only at autopsy in two patients, one 
of whom was in another hospital at the time; one 
patient exsanguinated on the way to the operating room 
for a third operation, and the patient who had the ^ 
benign insulinoma eventually died of massive ulcer 
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hemorrhage in another hospital without a total 
gastrectomy. Of the 8 patients who did have total 
gastrectomy, none had subsequent ulcer difficulties, 
although one very obese patient died in the late 
postoperative period of intraabdominai infection and 
multiple pulmonary emboli. 

.Roentgenological Findings. The most important 
aspect of radiographic examination of the patients 
with the Z-E syndrome was the fact that persistent 
and virulent ulceration was exhibited, and in some 
patients the ulcers involved more distal portions of the 
duodenum in association with the characteristic large 
gastric folds. These changes have been described 
numerous times in literature and need not be detailed 
here. Of particular interest was the fact that severe 
esophageal ulceration was present in association with 
duodenal ulceration in one patient, and this seriously 
compromised the quality of the esophago-jejunal anas- 
tomosis at the time of total gastrectomy. Early 
development of marginal ulceration and hemorrhage 
and/or perforation in several patients was another 
prominent feature. 

Of particular interest was the fact that in one 
patient with known and biopsied liver metastases, the 
liver scintiscan was repeatedly negative. In contrast, 
arteriography, performed numerous times in connection 
with hepatic artery infusion of chemotherapy for the 
management of liver metastases, invariably demon- 
strated the metastases in the liver, displaying the usual 
tumor blush or stain. Ultrasound was not used for the 
diagnosis of liver metastases, and total body scanning 
was not available. 

Serum Gastrin Determinations. The serum gastrin 
levels proved invaluable in the detection of the 
Z-E syndrome. In the early years of our experience 
with this condition the bioassay in rats was employed 
and in general the results were quite dependable.!5 In 
only one patient was a tumor not demonstrated when 
the bioassay was strongly positive (patient W. H.), 
and in this patient the overall data strongly supported 
the Z-E syndrome. Of course, it can be very difficult 
to obtain a positive tissue diagnosis unless lymph 
node or hepatic metastases are found. Like the para- 
thyroid adenoma, the islet cell adenoma may be so 
soft as not to be readily distinguished from normal 
pancreas on palpation.. Moreover, if the tumor is 
buried in the pancreas and not visible on the surface, 
it may be found only by slicing the excised distal 
pancreas. For example, at operation on patient H. H. 
no tumor could be found initially, either by inspection 
or by palpation of the fully mobilized pancreas. How- 
ever, the serum gastrin bioassay had evolved from 
negative months earlier to increasingly positive, and so a 
distal pancreatectomy was performed. Multiple 1 to 
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1.5 cm soft pink adenomas were immediately demon- 
strated when the excised pancreas was sliced in the 
pathology laboratory. 

While the serum bioassay permitted accurate 
diagnosis in a number of patients, the development 
of the gastrin immunoassay in our laboratory per- 
mitted more facile and more quantitative determi- 
nations. The normal level in our laboratory has 
ranged up to approximately 150 pg per ml of serum, 
and every patient with a Z-E tumor so studied 
exhibited at one time or another levels above 500 pg. 
However, there were considerable variations in the 
serum gastrin levels in the given patient, from time 
to time. The highest levels which we measured were 
those in patient J. K. H., whose case study is to be 
presented below. At one time his serum gastrin 
level was 2800 pg. In contrast, patient A. B. ex- 
hibited his highest level at 740 pg, with levels of 
350 and 565 recorded following total gastrectomy. 
Months later, his levels are now above 2000. Again, 
this relatively small series of patients does not 
permit statistically valid conclusions relative to 
(1) whether or not the elaboration of gastrin by à 
given tumor is cyclical, and (2) whether or not total 
gastrectomy results in a reduction in the serum 
gastrin level. Furthermore, there appeared to be rela- 
tively little correlation between the mass of tumor 
represented by the primary and the nodal or liver 
metastases, and the serum gastrin level and the 
volume of gastric acid secretion. Again, further 
experience is required. 

Diagnosis at Operation. Following the availability 
of serum bioassay for gastrin and later the serum 
immunoassay for gastrin, operation was usually under- 
taken with a relatively firm diagnosis and the objective 
of performing a total gastrectomy. Nevertheless, in the 
earlier years, and especially when only bioassay was 
available, we were always hopeful that a tissue 
diagnosis could be achieved by biopsy and frozen 
section examination prior to the performance of 
total gastrectomy (Fig. 1). Again, in the first patient so 
treated, in 1959, the true diagnosis was revealed 
only postoperatively from an incidental biopsy of a 
small liver lesion at operation, upon which a frozen 
section was not performed: the total gastrectomy was 
performed to abolish what was a life-threatening 
ulcer diathesis (patient B. F.). In another patient 
no definite tumor was noted in the pancreas, surround- 
ing nodes or liver by the surgeons involved, but the 
patient had a long history of ulcer problems and the 
serum gastrin level indicated a probable Z-E tumor 
(patient W. H.). In the third patient who underwent 
total gastrectomy without tissue diagnosis of the 
Zollinger-Elison tumor, the surgeon in charge 
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Fic. 1. Major elements in the diagnosis of Z-E syndrome. 


elected to go directly to total gastrectomy, since the 
serum gastrin level was high, the patient was elderly 
and in poor general condition, severe esophageal and 
duodenal ulceration was present, and it was considered 
essential that the ulcer diathesis be abolished by total 
gastrectomy in any event (N. B.). Whereas several 
patients exhibited serum gastrin levels above 1,000 pg, 
levels in the range of 500 pg were found in two patients 
who had metastatic Z-E tumors. Therefore, if the 
level is above 1,000 pg, the patient almost certainly 
has a Z-E tumor, but a level above 500 pg should be 
viewed with serious concern and, in most instances, 
where appropriate, laparotomy should be performed 
and appropriate examinations and decisions reached 
at that time as indicated. As noted above, the serum 
gastrin level may be normal early in the course of 
the disease, only to rise as the tumor develops 
further. Calcium or secretion infusion may be useful. 

A tissue diagnosis was most readily achieved if 
liver metastases were present, next from involved 
lymph nodes, and least readily from the primary 
tumor in the pancreas itself. 


Management 
Total Gastrectomy 


It has been abundantly established that total 
gastrectomy represents the only definitive management 
of the Z-E syndrome.? This operation was performed 
in 8 of our 12 patients with the ulcerogenic tumor, 
and the reasons that it was not performed in the 
other patients have been detailed previously. In the 8 
patients in whom total gastrectomy was performed, 
the ulcer problem was totally relieved, though one 
very obese patient died late in the postoperative 
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period froni intraabdominal infection and particularly 
multiple pulmonary emboli. 

The senior author has generally preferred to excise 
the stomach and then to re-establish alimentary tract 
continuity using a simple loop of jejunum, following 
which a ‘‘feeding pouch’’ was constructed between 
the two loops of jejunum forming the anastomosis. 
However, some of our colleagues prefer the use of a 
defunctionalized Roux-y loop of the jejunum for total 
gastrectomy, and this technique is also satisfactory. 
None of the patients has had postoperative difficulties 
relative to alkaline reflux esophagitis. One patient 
already had severe ulceration of the terminal 
esophagus, with all layers lost and only scar tissue 
present on one side. In this instance, the surgeon 
constructed what amounted to an onlay graft of 
jejunum to cover the lower esophagus, including the 
ulcerated and denuded area. Subsequently this patient 
exhibited an anastomotic leak and ultimately developed 
a lower esophageal stricture, which thus far has 
responded satisfactorily to dilatations. 


Debulking of Tumor 


Since the target organ of gastrin, the stomach, had 
been removed, no purely gastrin-producing tumors 
were debulked, even had this been feasible. However, 
a large malignant islet cell tumor secreting both 
insulin and later gastrin was debulked 4 times over a 
period of 14 years (see case study below). 


Chemotherapy 


Zolinger and associates have recently reported 
their experience with various types of cancer chemo- 
therapy in patients with the Z-E syndrome.!? In 
general, they offered some hope that such a modality, 
in the form of multiple drug attack, will offer in- 
creasingly beneficial results. We used chemotherapy 
in two of our patients. One patient, to be reported 
below, achieved remarkable benefit from the intra- 
arterial infusion of streptozotocin for massive liver 
metastases, this therapy being used in conjunction with 
repeated debulking of the pancreatic neoplasm for the 
management of hypoglycemia. Another patient ap- 
peared to be much improved by 5-FU therapy, and 
remains stable and reasonably **healthy'' at the present 
time, with metastases. He had liver metastases which 
were proved by biopsy, but his ulcer problem was 
abolished by total gastrectomy. Thus, the patient 
with a malignant Zollinger-Ellison tumor (virtually all 
of these tumors are malignant) may well benefit 


from the increasing variety and effectiveness of , 


chemotherapeutic agents. 
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Postoperative Problems 


By and large, the problems that followed total 
gastrectomy in the 8 patients so treated were not 
especially different from those encountered following 
gastrectomy in earlier years for gastric cancer. Two 
patients developed a leak at the esophagojejunal 
anastomosis. In both instances effective drainage and 
intravenous alimentation plus appropriate antibiotics 
resulted 1n survival without excessive morbidity. 

Postoperative weight loss was a feature in some 


‘patients, but multiple feedings throughout most of the 


24 hour period when awake resulted in the maintenance 
of a reasonably satisfactory nutritional status. Vitamin 
B,, therapy was used to prevent anemia. The major 
postoperative problems were related to the presence 
of metastatic malignancy. 

It is of interest that the pre-total gastrectomy 
management in some of the patients consisted not 
only of the usual medical measures, plus the various 
lesser operations commonly used for ulcer treat- 
ment, but also occasionally included gastric freeze 
or radiation therapy directed to the stomach. How- 
ever, no measure short of total gastrectomy proved 
sufficiently effective.!? 

Causes of Death in Our Twelve Patients. All except 
three of the 12 patients with the ulcerogenic 
Z-E tumor are dead. One patient died in hospital 
some weeks following total gastrectomy, as noted 
previously; multiple pulmonary emboli and intra- 
abdominal infection were major factors in his death. 
Another patient died following a second subtotal 
gastrectomy in another city. Two patients died of 
hemorrhage without total gastrectomy. One patient 
came in with severe fluid and electrolyte imbalance 
and died before diagnosis was made. Four died from 
the malignancy. Of the three surviving patients, one 
has an anastomotic stricture which responds to 


dilatations and another continues in fair ‘‘health’’ . 


under 5-FU therapy for his primary pancreatic 
tumor with liver metastases. The third remains well 
at 10 years, thus calling the original diagnosis 
without biopsy into question (patient W. H.). 

WDHA Syndrome." Two patients had intract- 
able diarrhea, but this was abolished in one pa- 
tient by total gastrectomy. Thus his diarrhea was 
doubtless secondary to the excessive gastric acid 
secretion of the Z-E syndrome. The other patient 
had an islet cell tumor with metastases, but never 
exhibited peptic ulceration and gastric acid secretion 
was not elevated. Secretin studies were not available 
at that time. Only this second patient would qualify 
as having the watery diarrhea without hydrochloric 
acid (WDHA) syndrome. She has since been lost 
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TABLE 2. Special Case Study: Hyperinsulinism Preceding 
Hypergastrinemia J.K.H. (U.M.C. #169735) Age 47 


1960—- Ulcer symptoms and bleeding 

1962- Excision (incomplete) malignant insulinoma 

1966- Vagotomy—Gastroenterostomy 

1967— Total Gastrectomy - '"Debulked"' - Liver negative 
1970— Laparotomy - Massive hepatic metastases 

1970— Intraarterial Streptozotocin- Abolished liver metastases 
1973—‘* Debulked’’— Liver negative 
1974—'*Debulked"' - Liver positive 


to follow-up. Patients with WDHA syndrome may be 
improved by streptozotocin therapy. 


Special Case Report 


J. K. H. (#169735). Malignant Islet Cell Tumor With Hyper- 
insulinism Preceding Hypergastrinemia. This 47 year old cau- 
casjan constable first developed peptic ulcer symptoms in 1960 
and experienced hematemesis (Table 2). The gastrointestinal 
series revealed a duodenal ulcer for which medical management 
was recommended and carried out. He improved on this manage- 
ment and continued to work. 

The patient was well until Thanksgiving Day, 1962, whe 
he passed out and his blood sugar was found to be 17 mg %. 
Further studies supported the diagnosis of an insulinoma and 
surgery* was performed at which time a 348g. malignant 
islet cell insulinoma was excised, though the entire tumor 
could not be removed. It had an extensive blood supply 
and its removal was followed by a draining sinus which per- 
sisted for almost two and a half years. However, after this 
effective debulking of the tumor it was possible to control 
his symptoms of hypoglycemia by frequent feedings throughout 
the 24 hour period. 

In March, 1966, he again exhibited hematemesis and melena, 
and vagotomy and both pyloroplasty and gastrojejunostomy were 
performed in his community hospital. However, soon therafter 
his internist decided, on the basis of the fact that gastric 
acid secretion was twice normal, that the patient might have a 
Z-E tumor and he was referred to the University Medical 
Center for general endocrine evaluation. Since his operation 
for ulcer he had continued to lose weight and had in fact 
lost about 30 pounds. 

He was first admitted to the University Medical Center on 
August 31, 1966 at the age of 53. At that time it was 
further confirmed that he did have a remarkable degree of 
gastric hypersecretion. The overnight 12 hour volume was 
2300 ml with 264.5 mEq of hydrochloric acid, the normal 
rate of HCl secretion being 1-2 mEq/hour (Fig. 2). He still 
exhibited hypoglycemia when he had not eaten recently, but 
episodes of coma had been suppressed by the frequent feedings. 

The only pertinent items in the family history were that both 
his mother and father had died of diabetes and a sister had 
"low blood sugar." An upper gastrointestinal barium study 
exhibited marked thickening and distortion of the folds of the 
gastric antrum, the duodenal bulb and the descending portion of the 
duodenum. A mass appeared to be displacing the antrum anteriorly. 
Gastroscopy revealed mucosal changes and hypersecretion sugges- 
tive of the Z-E syndrome, and three small ulcers were noted 
in the jejunum at the gastroenterostomy. A gastrin bioassay 
performed at Ohio State University was negative. The patient 
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J.K.H. 53 O° — VAGOTOMY — GASTROENTERO 
AND RESECTION OF INSULINOMA (1962) 


Fasting Blood Glucose and Acid Secretion (Oct. 1966) 






GASTRIC ANALYSIS 
HC 25.9 mEq./hr. 


FASTING BLOOD GLUCOSE (mg. %) 


200 noon 300 4:00pm. (post- exercise) 


6:90am. 10:00 


Fic. 2. Malignant islet cell tumor. Fasting blood glucose levels and 
gastric acid secretion in patient J.K.H. The plasma insulin level was 
in the range of approximately 130 microunits/ml (normal, approx. 10), 
and the serum gastrin level later exceeded 2800 pg/ml, (normal, <150). 


continued to have vague epigastric pain associated at times with 
nausea. The negative serum gastrin bioassay was surprising, in View 
of the high volume and acid content relative to gastric 
secretion. However, a subsequent serum bioassay performed in our 
own laboratory in 1967 was again negative for excessive gastrin 
content. 

On October 14, 1966, with fasting plus exercise, the blood 
sugar declined over a 10 hour period from an initial level of 68 to 
35 milligrams per cent (Fig. 2). A G-I series showed enlargement 
of the pancreatic mass. Selective arteriography demonstrated a 
hypervascular tumor four cm in diameter with typical "tumor stain," 
just to the right of the second lumbar vertebra. Liver metastases 
were suspected from the films. 

The patient was again admitted in July, 1967, for further 
study. While under observation in the Clinical Research Center, 
he suddenly one morning exhibited hematemesis and had severe 
abdominal pain at 5:30 a.m. Immediate operation demonstrated 
that he had perforated a marginal ulcer situated anteriorly 
against the abdominal wall, accounting for the epigastric 
pain of which he had long complained. Total gastrectomy with 
esophago-jejunostomy, using a jejunal loop with construction 
of a feeding pouch, was carried out. Also, the 4x 5 cm 
recurrent malignant insulinoma in the head of the pancreas 
was again debulked. No liver metastases were seen. As noted 
previously, the serum bioassay for gastrin performed in our own 
laboratory, a method which had been consistently accurate in 
the seach for Z-E tumor patients, was again negative. Late 
` following this operation the patient developed serum hepatitis, 
but this gradually subsided without notable lasting effects. 

On June 25, 1970.the patient was re-admitted for increasingly 
frequent and severe hypoglycemic episodes. For example, he would 
be found unresponsive and even comatose in front of the refrigerator 
in his effort to drink orange juice to abolish the symptoms. 
His wife awoke every 3 to 4 hours and fed him. He continued 
to have pain in the pancreatic area. Selective celiac arteriograms 
demonstrated recurrence of the pancreatic tumor and the plasma 
insulin levels were again demonstrated to be elevated. At this 
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time two serum gastrin levels were found to be 1050 and 
1000 pg/ml. i 

At this point it was decided to begin streptozotocin?? ther- 
apy by mouth, and the patient was admitted to the Clinical 
Research Center. Selective arteriography demonstrated that the 
liver was anomalously perfused by an artery arising from the 
superior mesenteric artery and that hepatic metastases were 
present. The streptozotocin therapy was begun in October, 1970, 
by mouth and did diminish the number and severity of the 
hypoglycemia attacks. The patient experienced some nausea and 
vomiting, but in general he tolerated the therapy fairly well. 
The dosage of streptozotocin had been increased to 800 mg 
per day by mouth by the time of discharge. Fluid retention 
required vigorous antidiuresis upon occasion, to avoid cardiopul- 
monary overload. Hypokalemia was prevented or treated as 
indicated. : 

The patient was re-admitted in November, 1970, because the oral 
streptozotocin was no longer effective. It was again requested 
that the tumor be debulked surgically, by possible partial 
hepatectomy if feasible or by re-excision of the pancreatic 
mass. Should this not prove feasible, it was proposed that a 
catheter by placed for intraarterial chemotherapy perfusion of 
the neoplasm. 

On November 23, 1970, laparotomy was performed and extensive 
metastatic nodules throughout both lobes of the liver were 
found and biopsied. Also, the mass in the head of the pancreas 
was biopsied, but debulking was not carried out at this time, 
since the extensive liver metastases appeared to render debulk- 
ing unlikely to be sufficiently effective to justify the risk of - 
this maneuver. Furthermore, the size of the mass in the pancreas 
was not particularly large, and it appeared to be relatively minor 
as compared to the extensive metastases in both lobes of the liver. 
The abdomen was closed. 

On December 7, 1970, the neoplastic deposits were again 
attacked with streptozotocin, by means of a trans-femoral 
catheter passed into the superior mesenteric artery which 
delivered the drug to both the pancreatic area and the liver. 
The 0.5 gram dose of streptozotocin was infused with a pump, 
and this process was repeated intermittently over a period of. 
months. Moreover, the high protein diet with frequent feedings 
was continued, The streptozotocin dosage intermittently infused 
through the repeatedly inserted intraarterial catheter was gradually 
increased to 1.5 grams each time, given over a 12 hour period. 
By September 15, 1971, the patient had received a total dosage 
of 8.5 grams of streptozotocin intraarterially. Anemia had 
developed and Vitamin B,, was again administered. As of 
April, 1972, the liver scan was normal and the patient was no 
longer having hypoglycemic attacks. Intraarterial streptozotocin 
continued to be administered every two or three months. The 
dosage was gradually raised to 2.0 grams at each infusion. 

However, by November, 1972 there was evidence that the 
benefit derived from the streptozotocin infusion was beginning 
to decline. Hypoglycemic attacks had become more frequent and 
more severe. The serum alkaline phosphatase had again risen, 
though it had been normal during the streptozotocin infusions; 
it had been elevated prior to the infusions. Laparotomy was 
again requested for possible debulking of the pancreatic tumor, 
which appeared to have enlarged as noted on the arteriograms. 
An inferior vena cavagram demonstrated pressure on the 
inferior vena cava from a mass either in the left hepatic 
lobe or inferior to the liver. l 

On March 21, 1973, laparotomy was again performed and the 
mass in the. head of the pancreas was again debulked. At this 
time the liver was free of any visible metastasis, a remarkable 
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finding in view of the fact that the liver had been ex- 
tensively involved by metastases at the previous operation 
in 1970. Following the debulking, the patient was able to go 
8 hours without a feeding and the fasting blood sugar was 98 mg 
per cent. He was discharged much improved. 

However, by June, 1973, hypoglycemia symptoms had returned. 
He was admitted with incomplete small bowel obstruction, which 
subsided with nasogastric tube suction and intravenous fluid 
support. The streptozotocin was again started by mouth, this 
time in a dosage of 100 mg t.i.d. Meanwhile the patient had 
developed symptoms of angina pectoris. The streptozotocin therapy 
was then gradually increased to 600 mg per day, accompanied 
by 5-FU and by furosemide diuretic therapy to reduce fluid 
retention. During a transurethral prostatic resection on November 8, 
1976, the patient developed acute water intoxication, with the 
serum sodium level declining from 134 mEq per liter pre- 
operatively to 117 mEq postoperatively. 

He had no symptoms of hypoglycemia during this period and 
various random fasting blood sugar determinations ranged from 90 to 
100 mg per cent. 

By April, 1974, hypoglycemic symptoms had returned. Laparot- 
omy was again performed on April 29, and the tumor again debulked, 
an 85 gram mass measuring 3X4 cm being removed. Liver 
metastases were again visible and relatively extensive in both lobes, 
though by no means so extensive as they had been on a previous 
occasion. Following this operation, the patient never really did well, 
though he was alert and was able to take nourishment and had 
bowel movements. Nonetheless, he failed to regain his usual vitality, 
developed pulmonary complications and died several weeks later. 
Autopsy demonstrated a variety of findings, but perhaps the 
immediate precipitating factor was a gangrenous loop of jejunum in 
the left upper quadrant, judged to have been an immediately pre- 
terminal event. Actually a mini-laparotomy had been performed in 
the ICU in an effort to explain his symptoms, but the obstruction high 
in the left upper quadrant had not been accessible through the limited 
exposure; the gut visible had been normal. He had been taking 
fluids orally and having bowel movements for several weeks after 
operation, prior to death. 


Comment 


This patient lived 14 years with a malignant islet 
cell tumor. The early features of the case were those 
of peptic ulceration but with negative serum gastrin 
bioassay on two occasions. Only later did the serum 
gastrin level become elevated. Second, hyperinsulin- 
ism and hypoglycemia were both present eventually. 
The third feature worth noting was that the patient 
received considerable benefit from the intraarterial 
infusion of streptozotocin, which effected complete 
disappearance of visible metastases in both lobes of the 
liver. Fourth, the early hyperinsulinism was later joined 
by hypergastrinemia. Nonetheless, one must suspect 
that a degree of hypergastrinemia may have been 
present originally when he first developed his ulcer 
complications which required total gastrectomy, even 
before the serum gastrin determinations had demon- 
strated an elevated gastrin level. Fifth, the issue is 
also raised as to whether hyperinsulinism is, in effect, 
a continuous Hollander test, which may in some 
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unknown way represent a trophic stimulus to the Z-E 
cells of the pancreas. Sixth, the repeated debulking of 
the tumor allowed this patient to continue a relatively 
tolerable life for many years. He lived for 13 years 
from the time he first exhibited ulcer hemorrhage, 
at a time when he unquestionably already had the 
islet cell tumor. 


Discussion 
Natural History dnd Management of Z-E Tumors 


Although the virulent nature and the grave prognosis 
of Z-E tumors managed without total gastrectomy have 
long been well established, the condition is still 
inadequately treated in the given patient In a great 
many instances. It is possible that even a majority of 
the patients with Z-E tumor die without a definitive 
diagnosis. Since the condition is relatively rare, it is 
often not suspected and certainly not documented in 
many patients who die with ulcer disease. Many 
surgeons who operate for ulcer disease are not com- 
petent, and indeed do not feel competent, to perform 
total gastrectomy. 

The patient with severe ulcer disease should not 
undergo surgery without a serum gastrin determination,* 
certainly not as an elective procedure and especially if 
a previous operation has been performed for peptic 
ulcer disease. In the presence of a serum gastrin level 
greater than 500 pg per ml, the diagnosis of Z-E tumor 
should be seriously considered, and if the serum 
gastrin level is greater than 1000 pg the diagnosis of 
Z-E tumor is virtually certain. Some authors believe 
that a serum gastrin level above 1000 pg after total 
gastrectomy is diagnostic of hepatic metastases.!? 

The most likely place to search for patients with the 
Z-E tumor is among peptic ulcer patients whose 
previous operations for this disease have proved 
inadequate to control the ulcer diathesis. Virtually all 
of our patients discussed here had undergone previous 
ulcer operations either in our own hospital complex 
or elsewhere. 

But whereas total gastrectomy effectively controls 
the ulcer problem, it does not control the metabolic 
assault of the metastases from these tumors which are 
almost always malignant, and hence the patient will 
eventually die of the effects of cancer. Fortunately, 
chemotherapy now provides some assistance in the 
management of the Z-E tumor. 

In two of our patients the ulcer disthesis Was 
associated with insulinoma and hypoglycemia. In a late 
study of the original 6 patients that Whipple 
operated upon in developing his diagnostic triad for 
insulinoma, Markowitz, Slanetz and Frantz’? found that 
three of these patients later developed bleeding ulcers, 
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years after the control of the hypoglycemia. Inciden- 
tally, one of these patients had multiple parathyroid 
adenomas and thus represented an instance of multiple 
endocrine adenomatosis (MEA). Several exhibited 
serious psychiatric problems despite control of the 
hypoglycemia. 


Does Total Gastrectomy Result in Regression of the 
Z-E Tumor? 


It has been suggested that total gastrectomy may 
result in the regression of the primary Z-E tumor and 
its metastases, presumably because some type of 
trophic factor had been elaborated by the now excised 
stomach.? While this may occasionally occur as has 
been reported, no one of our 8 patients who had total 
gastrectomy exhibited detected evidence of spontane- 
ous tumor regression, though one patient did not live long 
enough for this to have occurred and in two others 
the surgeon did not demonstrate a tumor. Zollinger et 
al. reported that they had found no evidence of tumor 
regression following total gastrectomy in their con- 
siderable series of patients.?® 


Does Organ Hyperinsulinism Constitute a Continuous 
(“Trophic”) Hollander Test? 


It was of considerable interest that hypoglycemia, 
secondary to hyperinsulinism, was present in two 
patients prior to the development of the Z-E syndrome. 
One had had a benign insulinoma excised several years 
before he began to have peptic ulcer problems with 
hemorrhage. Another patient had a malignant insulin- 
oma about the time that his peptic ulcer symptoms. 
began, but the serum gastrin bioassay was negative 
in two university medical centers for several years prior 
to the development of a markedly elevated serum 
gastrin level as determined by immunoassay. More- 
over, the 25 year follow-up studies of 6 of Whipple’s 
original insulinoma patients are again cited: three later 
developed bleeding peptic ulcers. 

These remarkable coincidences between hyperinsu- 
linism, on the one hand, and hypergastrinemia or at 
least severe peptic ulcer disease on the other, 
suggest a number of interesting possibilities. For 
example, since both the hypergastrinemia and the 
hyperinsulinemia arose from neoplastic changes in the 
islets of Langerhans, though from different types of 
cells, it is possible that some basic neoplastic stimulus 
was acting upon both the beta cells which secrete 
insulin and the so-called non-beta or Z-E cells which 
secrete gastrin. On the other hand, the fact that the 
hyperinsulinism has at times preceded the development 
of hypergastrinemia suggests the possibility that the 
hyperinsulinism can in some way be a stimulus to 
development of non-beta cell neoplasia with resulting 
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hypergastrinemia. There seems to be less evidence that 
hypergastrinemia producing the Z-E syndrome has 
been followed by hyperinsulinism. However, the 
patient with initial hypergastrinemia will almost 
invariably have a malignant tumor, and the length of 
survival may not have been sufficient to permit the 
later development of an insulinoma. 

A number of such “‘trophic’’ relationships exist in 
clinical medicine: one may cite the effect of hypocal- 
cemia of chronic renal disease in producing hyperplasia 
and even true tumors of the parathyroid glands; and, 
of course, the classical example of increased ACTH 
elaboration by the pituitary gland in producing nodular 
hyperplasia and even autonomous benign tumors of the 
adrenal cortex. 

Clearly, the possible relationships between hyper- 
insulinism and hypergastrinemia merit further study. 


Summary 


Twelve patients with Zollinger-Ellison syndrome 
and one patient with WDHA syndrome are reviewed. 
Three of the Z-E patients exhibited MEA, two having 
hyperinsulinism and one hyperparathyroidism. Ages 
ranged from nine to 71 years. Diagnosis of Z-E 
syndrome was established from history, gastric acid 
secretion, radiologic studies, serum gastrin measure- 
ments and from actual tissue biopsy in 10 of the 12 
patients. Total gastrectomy was performed in 8 of the 
12 Z-E patients, with abolition of the ulcer diathesis 
in all. However, in none of our patients was there 
objective evidence of subsequent tumor regression. 
Three patients remain alive. Four died of tumor, one 
from post-total gastrectomy complications, one from 
post-subtotal gastrectomy in another hospital, two 
from ulcer hemorrhage, and one from electrolyte 
imbalance with autopsy diagnosis of Z-E tumor. A 
patient is recorded in detail who exhibited both 
hyperinsulinemia and hypergastrinemia from a malig- 
nant islet cell tumor, had the tumor ‘‘debulked’’ 
four times over a 14 year period and whose hepatic 
metastases were temporarily abolished by streptozoto- 
cin infusion. The question is raised regarding relation- 
ships between chronic organic hyperinsulinism and 
subsequent hypergastrinemia. 
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DISCUSSION 


Dr. GEORGE A. HALLENBECK (La Jolla, California): Soon after 
the Zollinger-Ellison syndrome was described in 1952, recognized 
cases were usually extreme examples, with a great many clues to 
the proper diagnosis. We still see patients having duodenal ulcer 
who also have esophageal ulcers, ulcers in the distal duodenum or 
jejunum, perforated jejunal ulcer, diarrhea with steatorrhea, 
endocrine tumors other than gastrinomas, or who may have much 
hypertrophied gastric rugal folds—all of which should make us 
suspect that a Z-E tumor might be present. 

However, time has shown that less florid symptoms may be 
present for many years, and the Z-E syndrome may masquerade as 
the ordinary duodenal ulcer diathesis. 

Because the usual surgical treatment for duodenal ulcer fails 
when applied in the Z-E syndrome, being followed by recurrent 


.-—-. ulcers and reoperations that may be fatal, we need to be 
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reminded periodically of the importance of correct diagnosis here, 
and we're indebted to Dr. Hardy and Dr. Doolittle for sharing 
their experience with us. They point out that many patients 
with Z-E syndrome probably still die without the correct diagnosis 
having been made. This diagnosis can be made by gastric 
analysis, but the necessary procedures aren't available everywhere, 
are accepted reluctantly, in general, by patients, and are more 
complicated than one would like for screening procedures. 

Serum gastrin assays, hard to get only a few years ago, are widely 
available now, although often with some delay. Serum gastrin 
certainly should be measured in all cases of recurrence following 
conventional operations for duodenal ulcer, and I agree with Dr. 
Hardy that it's justifiable as part of the preoperative work-up in 
elective cases generally, although usually it will be normal. 

If total gastrectomy, the proper operation for the Z-E syndrome, 
is to be done, it's far better to make the decision before than during 
the operation, when doubts about its necessity or other considera- 
tions may lead to compromise. 

The epic case of the patient with both insulinoma and 
hypergastrinemia is most instructive. It's encouraging that chemo- 
therapy could reduce temporarily the hepatic metastasis that 
made the patient's life so miserable, and that subtotal removal of 
the tumor on a couple of occasions had a similar effect. 

Dr. Hardy wonders whether sustained hyperinsulinism could lead 
to hypergastrinemia; and if so, what the mechanism could be. One 
can readily imagine that sustained hypoglycemia could increase 
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gastric secretion of acid and pepsin in people without vagotomy, but 
the link to a gastrinoma formation is not obvious to me. 

Dr. Hardy, have the large series of patients with insulinomas, 
such as those reviewed some years ago by Rhoads and Moss, I think, 
or the series from the Mayo Clinic from time to time been 
followed in such a way that significant correlation between 
insulinoma and concomitant peptic ulcer disease could be detected, 
if it really existed? I can’t remember that any such correlation was 
made in either of those reviews. I wonder if you have looked it up. 


Dr. J. LyNwoop HERRINGTON (Nashville, Tennessee): At 
Vanderbilt and St. Thomas Hospital we have had a group of 
patients about comparable to Dr. Hardy’s in size, and we have 
had one patient which has been of extreme interest to us, 
because this patient demonstrated hypergastrinemia and later 
developed hyperinsulinemia, just the very opposite from Dr. Hardy’s 
patient, that I would like him to comment upon in closing. 

If Imay take a moment, this was a 52-year-old lady who underwent 
a total gastrectomy for a malignant Zollinger-Ellison tumor about one 
year ago, and she presented at operation with a recurrent 
duodenal ulcer, and had a large tumor in the body and the tail of 
her pancreas, with multiple metastases to both lobes of the liver. 
At that time, her glucose levels on repeated examination were 
essentially normal. 

Several months later, the patient, a registered nurse, became 
confused while at work on the hospital ward and attempted to 
disrobe herself. She then fainted, and a blood sugar level was 
drawn, which was 40 mg%. She was resuscitated with i.v. glucose 
and sent back to us. 

When the glucose infusions were temporarily stopped, her blood 
sugar levels would fall to the range of 20 to 10, and her insulin 
levels would increase up to 99 and 100 macrounits; as you know, 
normal is less than 25. Diazoxide treatment was unsuccessful, but 
intravenous streptozotocin, after a two weeks' drip period, was 
successful in stopping all of her symptoms and bringing her blood 
sugar levels back to normal. 

Several months later, after she had again returned to work, 
she presented with a small bowel obstruction due to adhesions, and 
at reoperation I found the pancreatic mass much smaller and the 
extent of the liver metastasis had also shown gross regression. 

She is currently working again, and repeat liver scans continue to 
show improvement in the status of her liver. Her blood sugar and 
insulin levels remain normal. Her serum gastrin, however, remains 
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elevated. She continues to receive streptozotocin, about 800 mg at 
monthly intervals. Pancreatic ultrasound examination on several 
occasions since the laparotomy has shown continued improvement, 
and her tumor growth is smaller. 

I think it was a few years ago that most all of us interested in Z-E 
tumors felt, and were told, that about 60% of these tumors were 
malignant. Do you think at the present time, Dr. Hardy, that all Z-E 
tumors are malignant, or eventually they will all become malignant? 


DR. JAMES C. THOMPSON (Galveston, Texas): I'd like first to say, 
in response to what Dr. Herrington just said, that the natural history 
of all tumors which were initially regarded as being some malignant 
and some benign is that they all eventually turn out to be malignant. 
And that's what's true in the Z-E syndrome. They're all malignant, 
I'm sure of it. 

We now have about 16 patients, and we have followed them 
carefully, with multiple serum gastrin levels, and we find that we have 
eradicated the disease (in that we have returned the serum gastrin to 
normal) only in two. It is of interest to me that in both those patients 
the tumor was found as a paraduodenal lymph node, which we 
initially mistook to be a metastasis. We found these tumors in the 
omentum, took them out, and sent them for frozen section. They 
were both typical Zollinger-Ellison tumors, and the patients’ serum 
gastrin returned to normal and has stayed that way, one for two years 
and one for one year. These are the only two patients in whom we 
have returned the serum gastrin level to normal. 

I think thàt we're faced with a biologic phenomenon that is very 
similar to the carcinoid syndrome, and I think the carcinoid is a good 
model for us to follow. We all know that patients live a long time with 
hepatic metastases from their carcinoid syndrome, and that 
sometimes these tumors erupt into activity, grow rapidly and kill their 
host, and that's what happens in the Z-E syndrome. 

| would agree entirely that total gastrectomy does not bring about 
surcease or regression of growth of these tumors. I have never seen 
that. 

The relationship with the MEA syndrome is a most interesting one. 
Somewhere between one fourth to one third of all patients have an 
associated adenoma of the parathyroid gland, and in about a third of 
those, there are either pituitary or adrenal cortical adenomas also 
associated. 

We have now had 6 of those patients with high level serum gastrin, 
high parathormone, and high calcium levels. In four of them, when we 
removed the parathyroid, which is the first gland that should be 
attacked, the serum gastrin levels fell, but not to normal, and then 
returned to very high levels. And we went on to operate upon them as 
patients with the Z-E syndrome. In two of them, however, the gastrin 
levels fell, and they became asymptomatic, and have remained so 
now, one for four years and one for two years. 

We had one patient who had a high serum gastrin level who had 
duodenal ulcer symptoms, but she refused operation. She then 
developed high serum calcium levels. We removed her parathyroid 
adenoma, and her serum gastrin levels fell, but then returned to high 
levels. A mesenteric arteriogram showed that she had a tumor in her 
mesentery, and we operated and removed the tumor. Her serum 
gastrin levels fell, but have returned to about 1000, but she is 
completely asymptomatic for two years. 

We are just following her, because we know she has a metastatic 
tumor, and we don't know where it is. Her hepatic arteriograms 
(which I agree is the best way we have of following these patients) are 
normal. 

One last suggestion is that the preoperative study should be of such 
intensity and, hopefully, of such definition that the diagnosis should 
be secure prior to operation. It is, as Dr. Hallenbeck said, nearly 
impossible to make up your mind what you are going to do at the 
operating table, and you ought to make it up before you go in, and 
your diagnosis should be secure. 

Food should not stimulate gastrin output in these patients, because 
the gastrin level should be autonomous. However, we have now seen 
two patients in whom food raises the gastrin levels very high. We 
have not operated upon either one of these patients, because their 
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symptoms are minimal, but I suspect they may well be examples of 
antral G-cell hyperplasia that Dr. Pearse and Dr. Julia Polak have 
reported. 


DR. JOAQUIN ALDRETE (Birmingham, Alabama): I believe that Dr. 
Hardy's paper and the discussion that has proceeded are just pointing 
out that we are perhaps just starting to unravel the new turns and 
developments in the Zollinger-Ellison syndrome, and its multiple 
varieties have been present, but not recognized, just as this syndrome 
was for many years, until Dr. Zollinger and Dr. Ellison put it together. 

There are very exciting hypotheses. Some of them have been 
mentioned here—-the hyperplasia of the gastrin cells, the aperdoma 
concept that was just briefly mentioned by Dr. Hardy—but all of 
them are hypotheses at the present time, or less. 

I would like to confine my remarks just to our own experience at the 
University of Alabama with the patients that have been operated for 
Zollinger-Ellison syndrome. [Slide] From 1967 to 1975 there were 22 
patients that were operated for total gastrectomy by my colleagues 
and me, and ten of these were because of the ulcerogenic syndrome. All 
of them had recurrent, documented peptic ulcer disease, complicated 
by bleeding in ten of them. In some cases it was mild, and some other 
ones were very severe. 

[Slide] The pathology is somewhat different from the series 
presented by Dr. Hardy, but I think that's just a variation because of 
the small number of cases. We had a combination, gastric, duodenal, 
and marginal ulcers, but, surprisingly, we found no hepatic 
metastases, although we really looked for them in most of these 
cases. 

However, one case had a metastasis in the mesentery, one in the 
duodenum, and the other one in the pancreas. 

[Slide] The operations performed to reconstruct a gastrointestinal 
tract after total gastrectomy are shown here. The Hunt-Lawrence 
pouch was the most commonly used. Some of the arrangements had 
complications with leakage here. We had a fistula in one Hunt- 
Lawrence pouch that was a direct results from using the G.I. stapler, 
and I would caution not to use this instrument to construct the Hunt- 
Lawrence pouch, because they are not totally hemostatic, and we have 
reverted to the usual needle. 

[Slide] We have followed these patients. Now 8 of them are alive. 
These two deaths were really postoperative deaths, and they were 
due to-— both of these patients had massive bleeding, and they were 
operated as a last resource. All the other patients remain alive, some 
of them, you can see, up to 6, five, and one four years. We have. 
checked serum gastrin levels in these patients up to here, and 
somehow they remain within normal limits. So we can postulate that 
total gastrectomy, although still useful for the patients with the 
ulcerogenic syndrome-— although I'm certain that we have not seen 
the end of all the turns and varieties of this very interesting and 
challenging syndrome. 


Dr. THOMAS GOUGE (New York, New York): At New York 
University we have been interested in the islet cell carcinomas for 
some time, and have been following a group of patients who were 
operated upon at the University Hospital by Dr. Arthur Localio. 
These 8 patients presented as nonfunctioning pancreatic neoplasms. 
Their ages ranged from 36 to 83 years, with a mean of 52, and were 
evenly divided between male and female patients. None had initial 
evidence of hormone production. In four the diagnosis of a vascular 
neoplasm, probably of islet cell origin, was correctly made by 
angiography preoperatively. In the others the diagnosis was 
confirmed microscopically after laparotomy. 

Two patients had distal pancreatectomy for reduction of the tumor 
mass. Four were bypassed, and two were only explored and biopsied. 
Six ofthe 8had massive hepatic metastases at the time of laparotomy. 

There were no operative deaths. The mean survival for those 
operated prior to 1976 is 36.6 months. Five of the 8 are alive with 
disease. Three received chemotherapy, but we cannot comment on 
its effect. One patient seems to have had either no progression of 


tumor or regression, without resection or chemotherapy. One patient ^ 
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in particular survived 35 months, only to develop a fulminant ulcer 
diathesis, and expire following total gastrectomy. He had had no 
evidence of gastric hypersecretion or hypergastrinemia earlier in his 
course, but the serum gastrin level rose to characteristically high 
levels as the bulk of tumor increased. 

Two other patients have developed peptic ulcer disease without 
hypergastrinemia to date. One patient is hyperthyroid. We have not 
documented any other endocrinopathies. 

We believe that these tumors are multipotent, capable of producing 
any of the series of hormones, and we will probably see more in the 
way of multiple endocrine syndrome as we follow them along. 

I wonder if Dr. Hardy has any experience with this type of patient. 


Dr. GEORGE L. JORDAN, Jr. (Houston, Texas): This syndrome has 
attracted a great deal of attention since it was first described, and our 
thoughts about it have changed through the years. Dr. Hardy’s 
presentation would suggest that the disease is causing more trouble in 
patients with malignant disease than some of the earlier publications 
would suggest, only three of his 12 patients being still alive. 

Our experience has been much better than that. We have had a 
good experience as far as long survival of these patients is concerned, 
and I would like to comment on four patients with long-term 
follow-up who had proven carcinoma with the Zollinger-Ellison 
syndrome. 

The first of these patients I operated upon in 1956, only a few 
months after the 1955 paper was published. This patient had multiple 
metastases to the omentum, to the nodes in the splenic hilum, to 
the nodes along the hepatic artery, and a large tumor of the 
pancreas. I resected his omentum, his spleen, did a node dissection, 
and did a subtotal pancreatectomy. 

As this was the first case we had ever seen, we didn’t know what we 
should do at the time, and I did not do a total gastrectomy. This 
patient was left with about 20% of his gastric remnant intact. 

In a 17-year follow-up on this patient, he has never had any further 
trouble, as far as his stomach is concerned. His postoperative gastric 
acids became low, and remained that way. He never had another 
ulcer. He never has had any symptoms of carcinoma. And he did well 
until he had a coronary occlusion in 1973. 

A second patient had also carcinoma with metastasis, and Í did an 
emergency total gastrectomy in 1960 for massive bleeding. He had 
metastatic disease, which I did not remove. We proved it 
histologically, and we had previously demonstrated a tumor of the 
pancreas. 

Postoperatively, he gained 50 pounds, and we have a !7-year fol- 
low-up. Although he didn't have his total gastrectomy until 1960, his 
tumor was found in 1956. After his total gastrectomy, despite proven 
metastasis and no further therapv, this patient gained 50 pounds and 
has had no further difficulty with ulcer disease or with malignancy. 

One patient died, out of four. This patient died of a ruptured aortic 
aneurysm, and did not die of malignant disease or ulcer disease. 

And the fourth patient, who is approximately 10 years post- 
operation now, is still alive, and her only complaint is that I promised 
her that she wouldn't gain weight after a total gastrectomy, and she's 
gained 30 pounds, and has trouble getting her clothes to fit. 
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Thus many of these patients do well, and I would advise a very 
aggressive approach to the treatment of this problem. 


CHAIRMAN CHENOWETH: If the chair could be pardoned, I'd like to 
make one observation about Dr. Hardy's paper: a point that I'm 
somewhat surprised did not attract comment by other discussers. 
Maybe this simply means that I may be out of step. 

Nevertheless, I was surprised to hear you advocate performing a 
routine gastrin assay on all patients prior to elective operation for 
duodenal ulcer, at least, that was my understanding. I think this might 
be carrying a good thing unusually far, Dr. Hardy. 

On the other hand, I do think that, even though the two procedures 
are not entirely interchangeable, every patient with duodenal ulcer 
should have a carefully-performed gastric analysis before definitive 
surgery. 


Dr. PuiLipP D. DooLirTTLEÉ (Closing discussion): In response to Dr. 
Hallenbeck, we have not come upon any correlation elsewhere, other 
than that mentioned by Dr. Markowitz and others in the follow-up of 
Dr. Whipple's patients. 

To Dr. Herrington our only response is that perhaps in the future 
we shall discover stimuli which cause the Z-E syndrome or insulinoma, 
similar to the ACTH stimulus causing adrenocortical hyperplasia and 
even autonomous adrenocortical adenomas. 

We certainly agree with Dr. Thompson that essentially all Z-E 
tumors are malignant. Dr. Zollinger recently suggested that once a 
tumor, always a tumor, We also thank Dr. Thompson for bringing us 
additional results of his work. We read his reports with great interest. 

Dr. Hardy had a two-minute movie strip, which time limitations did 
not permit our showing, but it exhibited massive liver metastases, 
with a total gastrectomy being performed. We feel much more secure 
in performing total gastrectomy when we have actual biopsy proof of 
the Z-E tumor, from the pancreas or from lymph node or liver 
metastases. However, we did perform total gastrectomy twice 
without definite histologic proof, this on the basis of ulcer history as 
well as serum gastrin levels that were obtained. 

Inresponse to Dr. Jordan, we can only acknowledge that his results 
in the management of this malignant tumor appear to be somewhat 
better than ours. 

Dr. Chenoweth, we agree that to perform a serum gastrin level on 
every patient with peptic ulcer symptoms would be impractical. 
However, we do recommend gastrin studies in patients who develop 
recurrent ulceration following an operation which should have 
controlled the ulcer diathesis. 

In closing, then, I'd like to note that, despite successful total 
gastrectomy which abolishes the ulcer problem, the tumor 
metastases will eventually cause the death of most patients. We 
therefore believe that Z-E tumors are almost invariably malignant. 

Of our 12 patients, eight underwent total gastrectomy. One of these 
died in the postoperative period from pulmonary embolism plus 
intraabdominal infection. Three are alive, as reported. Four died of 
their tumors. 

It is hoped that chemotherapy may eventually offer long term 
suppression or even cure of these tumors. 
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One hundred sixty-five patients with reflux peptic esophagitis 
‘have been treated by Nissen fundoplication. When compared 
with a group of 104 patients reported five years ago, the inci- 
dence of persistent or recurrent esophagitis remains approxi- 
mately the same (10% versus 8%). This is consistent with the 
assumption that the Nissen procedure when initially successful 
tends to remain so and that late recurrence appears to be 
uncommon. The unpleasant postoperative sequela which we 
have termed the ‘‘gas-bloat syndrome" was noted in 1971 
to be present in the early postoperative period in approxi- 
mately one-half the patients. Late follow-up, however, averag- 
ing four years indicates a marked reduction in this disorder 
with either absence or clinical insignificance in 8746 of 
patients. Nonetheless, moderate symptoms persist in 11% and 
severe symptoms requiring active treatment in 2%. Mano- 
metric study of the lower esophageal sphincter indicates 
nearly a three-fold increase in resting pressure following 
Nissen fundoplication (p < .001). It is hoped that manometric 
study will provide a more reliable prognostic measure of 
sphincter restoration than the measurement of pH across 
the gastroesophageal junction. 


E REPORTED in 1971 a comparison of the tradi- 
tional posterior crural approximation in the 
repair of sliding hiatal hernia and reflux esophagitis 
with the results of the Nissen fundoplication proce- 
dure.5 It was found that the latter was more effec- 
tive in control of reflux esophagitis, but had a higher 
incidence of undesirable side effects. Further, the addi- 
tion of vagotomy and pyloroplasty to either procedure 
had no significant influence on control of esophagitis 
but did contribute significantly to the chronic morbid- 
ity. It was concluded that this additive surgery was 
not indicated as a regular part of surgery for reflux 
peptic esophagitis. In addition, it was found that using 
the method of Tuttle and Grossman? pH recordings 
indicated persistent gastroesophageal reflux in many 
patients in both groups who remained completely 
asymptomatic. 
The purposes of the present study are threefold: (1) 
to determine if the early favorable effects of Nissen 
fundoplication in the control of peptic esophagitis 
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would persist; (2) to determine if the undesirable side 
effects, particularly the ''gas-bloat" syndrome, con- 
tinued to be a persistent deterrent to use of this 
method; and (3) to compare the use of manometric 
evaluation of the lower esophageal sphincter rather 
than pH measurements in the laboratory determination 
of return of effective sphincter function. 

During the period 1964 to 1975 Nissen fundoplica- 
tion has been utilized in 165 patients with reflux peptic 
esophagitis. Sixteen patients (10%) had peptic stric- 
tures successfully dilated with mercury weighted 
bougies prior to surgery. Forty-seven (28%) had his- : 
torical and/or radiographic evidence of coexisting or 
prior peptic ulcer, nearly always duodenal in location. 
Fourteen of these patients had had prior surgery for 
peptic ulcer. This is approximately three times the inci- 
dence of peptic ulcer in the populace at large indi- 
cating the likelihood that certain factors common to 
both diseases probably exist. Thirty-nine patients 
(24%) had had prior surgery in an attempt to correct 
gastroesophageal reflux; four of these had had two 
previously unsuccessful operations (Table 1). 

One hundred patients were operated upon by the 
transabdominal approach and 65 by the left trans- 
thoracic. The ability to select the approach depending 
on individual circumstances is an important plus for 
the fundoplication operation. We have found four 
circumstances where the transthoracic approach is 
clearly preferable. First and foremost consists of those 
patients in whom one or more previous unsuccess- 
ful efforts have been made at surgical correction of 
gastroesophageal reflux. Exposure is clearly superior 
for mobilization of the esophagus, cardia and fundus, 
particularly separation from pericardium, diaphragm 
and the left lobe of the liver. The upper pole of 
the spleen is in direct vision and can be more cer- 
tainly protected. Second, we prefer the thoracic 
approach when radiologic examination indicates that 
extensive scarring has apparently resulted in acquired 
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TABLE I. 1964--75—Procedures TABLE 2. Gas-Bloat Syndrome 
16 (10%) Peptic strictures None 78 (49%) ) 
47 (28%) Present or prior peptic ulcer ) 139 87%) 
39 (24%) Prior surgery for reflux esophagitis ‘Mild 61 (38%) ) 
Moderate 18 (11%) 
Severe 3 (2%) 
160 


short esophagus of some degree. Although we find 
that in many such cases it is possible to reduce 
the repair below the diaphragm, this is not possible 
to assess preoperatively and the thoracic approach per- 
mits part or all of the fundoplication to be left above 
the diaphragm. Clinical and manometric evaluation 
indicates that the valvuloplastic effect of the fundoplica- 
tion is equally effective under the latter circumstance. 
Also in such cases the degree of periesophagitis 
may be unexpectedly severe, the thoracic approach 
permitting sharp dissection under direct vision with 
more certain preservation of the vagal trunks, a step 
which is usually desired. Third, the transpleural 
approach has proved to be useful in the obese, thick, 
and muscular individual where exposure of the lower 
esophagus and esophagogastric junction is difficult 
through an abdominal incision. Fourth, we prefer 
the approach from above in patients who have had 
left upper abdominal surgery, particularly vagotomy. 
Again, the exposure is more straightforward, the 
dissection easier, and we believe also safer. For 
example, we have had 11 injuries to thé spleen in 
these 165 patients, 9 during transabdominal surgery 
(9%) and only two during transthoracic surgery, an 
incidence of only 3% or one-third that incurred 
through transabdominal surgery. This difference is 
magnified when one considers the greater complexity 
of the cases operated upon by the transthoracic route. 

There were two operative deaths (1.2%) during this 
period (not included in the case total), both due to 
sepsis. One patient developed the delayed onset of 
mediastinitis and died of sepsis despite drainage. The 
second patient had a splenic injury necessitating 
splenectomy and developed subphrenic abscess with 
delayed blow-out of the ligated splenic artery. We 
feel it is important to recognize that the Nissen 
fundoplication is probably never a completely sterile 
procedure. The fundus of the stomach is so thin- 
walled that the approximating sutures probably always 
traverse the lumen of the fundus, thus unavoidably 
introducing a small amount of contamination. We feel 
this reinforces the strong desirability of avoiding 
splenic injury because of its pronounced predisposition 
toward left subphrenic abscess. This complication 
occurred in two other patients where splenectomy 
was performed. 

There have been 22 deaths during the follow-up 
period. One patient died of hemorrhage from a marginal 


ulcer; all others were unrelated to upper gastroin- 
testinal tract disease. Forty-six patients have been lost 
to current follow-up evaluation having had an average 
follow-up of 25 months. 

The follow-up of patients has been by questionnaire, 
by telephone interview, and by clinic visit. Laboratory 
evaluation has been attempted pre and postoperatively 
in all patients, but postoperative radiologic and endo- 
scopic examinations have generally been performed 
only on symptomatic patients. Average follow-up in the 
entire group has been four years including the 22 who 
have expired. Seventy-six patients have been followed 
for five years or longer. - 

Thirteen patients (8%) have symptoms of persistent 
or recurrent reflux esophagitis. This compares with an 
incidence of 1096 in the 104 cases reported in 1971 with. 
a shorter follow-up.* This would support the contention 
that initial success in correcting reflux esophagitis by 
Nissen fundoplication tends to give a permanently 
satisfactory result. Our failure rate correlates well with 
the report on a much larger series of cases by Rosetti 
and Allgower.? It is of interest that only 9 of these 13 
patients have been symptomatic enough to submit to 
further study. Recurrent esophagitis was documented 
endoscopically in 7 of the 9 for a proven recurrence 
rate of 4%. Five of these 7 patients had symptoms 
severe enough to warrant further surgery. In four of the 
five patients, it was discovered at the time of reopera- 
tion that the fundoplication had disrupted and the 
gastric fundus had returned to its customary location 
under the cupula of the left diaphragm. 

A follow-up on the prevalence of the gas-bloat syr- 
drome was obtained in 160 of the 165 patients. Seventy- 
eight (49%) were completely without symptoms. An 
additional 61 patients (38%) had only mild and inter- 
mittent symptoms which were considered clinically in- 
significant. Thus, 139 or 8796 of the patients did not 


TABLE 3. Subjective Response 


Very pleased 59 
) 80% 
Satisfied 42 | 
Not satisfied 12 10% 
Very displeased 13 10% 
126 
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POST-OP LESP 
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Fic. 1. Effect of Nissen fundoplication on resting pressure in the 
lower esophageal sphincter. 


have this unpleasant symptom complex to a degree sig- 
nificant to interfere with the surgical result. Eighteen 
or 11% of the patients, however, had clear-cut symp- 
toms which however did not interfere with nutrition or 
their usual activities and were considered by the pa- 
tients to be less troublesome than their previous reflux 
esophagitis. Three patients (2%) were completely 
incapacitated by the syndrome. Two were so severely 
disabled that at their request the fundoplication was 
dismantled and a posterior gastropexy substituted. The 
third patient learned self nasogastric intubation and 
controlled her symptoms adequately until her death 
from cardiovascular disease (Table 2). 

Forty-three patients who had complained of the syn- 
drome in 1971 were identified but current responses 
could be obtained in only 29. In this group, however, 
23 of the 29 had either no or insignificant symptoms, 
6 moderate symptoms, and none had severe symptoms. 
When compared with the very high incidence noted 
in our early follow-up in 1971, it is obvious that the 
syndrome demonstrates a pronounced tendency to- 
ward improvement even to the point of disappearance 
with longer follow-up. This again corresponds well with 
the experience reported by Rosetti and Allgower where 
they noted some degree of the ''post-fundoplication 
syndrome” in 10% of their long-term cases.’ 

An attempt was made to determine on clinical 
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grounds the satisfaction of the patient both in terms 
of relief from esophagitis and absence of the gas-bloat 
syndrome. Sufficient data were accumulated in 126 of 
the 165 cases to make such an assessment. Eighty per- 
cent of the patients were satisfied, 10% were not wholly 
satisfied, and 10% were actually displeased with the 
result of surgery. In the overall clinical analysis of . 
both recurrent esophagitis and the gas-bloat syndrome 
there were no differences apparent between patients 
operated upon by the transabdominal versus the trans- 
thoracic approach (Table 3). 

Disenchanted because so many patients after Nissen 
fundoplication had positive reflux when studied by the 
Tuttle-Grossman pH probe method, since 1969 we have 


- been utilizing manometric study of the lower esopha- 


geal sphincter (LES). Figure 1 compares the resting 
LES pressure in 35 preoperative patients with 45 post- 
operative patients. In each case the end expiratory 
pressure was measured in centimeters of water through 
each of three open tip tubes with the subject reclining. 
The average preoperative LES pressure was 5.7 cm 
H,O with an SEM of 1.4 cm H,O. After a Nissen 
fundoplication 45 patients had an average LES resting 
pressure of 14.8 cm H,O with an SEM of 1.0 cm H,O. 
Thus, the postoperative resting pressures were ap- 
proximately triple the preoperative. These differences 
are highly significant statistically with p « .001. Fifteen 
patients had preoperative manometry which was re- 
peated three to 6 months postoperatively (Fig. 2). LES 
pressure averaged 4.3 cm H,O preoperatively and 11.7 
cm H,O at the time of the postoperative evaluation. 
Again, the resting pressure increased approximately 
three-fold and was highly significant statistically with a 
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Fic. 2. LESP following fundoplication (individual patients). Rest- 


ing lower esophageal sphincter pressure in 15 patients before and ~ 


after Nissen fundoplication. 
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p value of .001. However, it must be noted that in one 
patient the resting pressure which was originally low 
remained unchanged and a second patient whose pre- 
operative resting pressure was in the normal range had 
a marked fall in resting pressure following surgery. 
These studies correlate well with those reported by 
Demeester et al.! and coincide almost precisely with 
those reported by Ellis et al.? It is planned in studies 
under progress to correlate long-term clinical results 
with long-term LES manometry. 

As noted in our previous report, vagotomy and 
pyloroplasty are not useful adjuncts to the surgical 
treatment of reflux peptic esophagitis and significantly 
increase morbidity. In the patient with active duodenal 


ulcer without stenosis combined with reflux peptic | 


esophagitis requiring surgery, we have successfully 
utilized parietal cell vagotomy combined with Nissen 
fundoplication and without a drainage operation. In 
our experience this has completely obviated both 
"dumping'' and post-vagotomy diarrhea. 


Summary 


One hundred sixty-five patients with reflux peptic 
esophagitis have been treated by Nissen fundoplica- 
tion. When compared with a comparable group of pa- 
tients reported five years earlier, the incidence of per- 
sistent or recurrent esophagitis remains approximately 
the same. This is consistent with the assumption that 


DISCUSSION 


Dr. JOHN L. Sawyers (Nashville, Tennessee): We have gone 
through an evolutionary process in the surgical management of 
patients who have esophageal reflux, beginning first with the Ali- 
son repair, which concentrated upon repairing the hiatal hernia. 
Then we became enchanted with Berman's ‘‘balanced procedure," 
and added truncal vagotomy and pvloroplasty to the transabdominal 
repair of hiatal hernia. Fortunately, these procedures have now been 
abandoned, and we now perform true antireflux operations-—the 
Belsey, Hill, or Nissen procedures. 

I wish that I could report to you on a prospective study regarding 
these procedures, but we have not done such a study; however, our 
retrospective analysis shows that the Belsey procedure has the 
highest recurrence rate, running about 15%. 

Our best results in the treatment of esophageal reflux have been 
with the Nissen fundoplication; so that we would agree with Dr. 
Woodward's conclusion. 

His early report on the high incidence of the gas bloat syndrome 
caused us some concern, and I am pleased to hear that this has not 
been a long-term, severe problem. We have never had severe gas 
bloat problems in our patients following fundoplication. We thought 
that this was due to a conscientious effort to keep the wraparound 
from becoming too tight. We check the competency of the valvulo- 
: plasty created by the fundoplication by filling the stomach with 

. saline after the wraparound and squeezing it like a bagpipe, to make 
sure that saline doesn’t reflux back up into the esophagus. 
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the Nissen procedure when initially successful tends to 
remain so and late recurrence appears to be uncom- 
mon. The unpleasant postoperative sequela which we 
have termed the gas-bloat syndrome was noted in 
1971 to be present in the early postoperative period in 
approximately one-half the patients. Later follow-up, 
however, averaging four years indicates a marked re- 
duction in this disorder with either absence or clinical 
insignificance in 87% of patients, moderate symptoms 
in 11%, and severe symptoms requiring active treat- 
ment in 2%. Manometric study of the lower esophageal 
sphincter indicates nearly a threefold increase in rest- 
ing pressure following Nissen fundoplication. Cur- 
rently available data do not permit correlation of this 
laboratory finding with clinical results. 
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For patients who have an associated duodenal ulcer, I think 
that the addition of proximal gastric vagotomy is ideal in combina- 
tion with fundoplication. 

Dr. Woodward and his colleagues have brought us a significaat 
report on the long-term results in a large number of patients, well 
studied, with the Nissen fundoplication. 


Dr. HtRAM C. PoLk, Jr. (Nashville, Tennessee): Those of you who 
have had the opportunity to visit the unique referral situation that 
Dr. Woodward has built at Gainesville will have some respect for the 
kinds of cases that he presented to you. 

These patients presented to you, while smaller in number, are 
certainly a different group of patients than we have seen. They have 


-a higher proportion of significant coexisting duodenal ulcer disease 


and a higher proportion of reoperative cases. 

The threads that are common in this respect is that the valvulo- 
plasty operations, most especially the fundoplication, are useful. 
The gas bloat syndrome, which has always been infrequent in our 
experience, seems likely to go away, at least, if you get it. I think that 
the over-all results that he has presented to you are relatively 
favorable. 

I would like to show you two or three slides, to show you how our 
experience differs and complements Dr. Woodward's. 

(Slide) I only show this to remind you that if one looks at a group 
of patients with hiatal hernia and measures their gastric acid, it's 
normal unless you include patients who have duodenal ulcer as well. 
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This led some to think that hiatal hernia and reflux esophagitis is a 
disease of excess acidity. It’s a disease of normal acidity in the 
wrong place! 

(Slide) The differences between the transabdominal/trans- 
thoracic operations are minimal. Our preference has been two to one 
in favor of the abdominal operation, again confirming some of their 
relative indications for one procedure or the other. 

(Slide) Like Dr. Woodward, we find the thoracic approach much 
more helpful when esophageal shortening is apparent or anticipated. 
It's much easier to deal with under direct vision, and, I think, much 
safer for the patient. Again, the distribution of patients is about 
the same. 

(Slide) The results presented to you a year ago have been main- 
tained in the meantime. About nineteen out of 20 patients stay 
well. Our operative mortality rate stays below 196. Our associated 
morbidity rate is 14%. We stressed how one could get into trouble, 
and hopefully now we have all learned how to stay out of trouble. 

(Slide) Just to bring us up to date, this year there have been a 
few more fundoplications done, and for people like Dr. Campbell, 
who keep score for the year involved, that's only another 10 or 15 
cases. The last 180 consecutive patients have been done without 
death. The failure rate still runs about 496. The ratio of failures to 
anatomical disorders continues to be variable among the 4%. 

I think continuing analysis of this operation is going to help us all 
see where it belongs, what its indications are, and what its short- 
comings are. I think the unique experience from Gainesville with 
this procedure adds to my further understanding of the operation. 


Dr. WILLIAM M. P. MCKINNON (New Orleans, Louisiana): Based 
on a much smaller personal series, I would agree completely with 
Dr. Woodward on the results that he has presented with the Nissen 
fundoplication, when done through the abdominal approach. Luck- 
ily, we have had no mortalities with this procedure, nor have we seen 
gastric ulcers with it. 


However, when hernia repair should be done through the thoracic 
cavity, I think there is a simpler and better procedure available to 
us. This is the one described by Dr. John Ochsner several years ago. 

(Slide) This procedure is designed to form a vertical valve to pre- 
vent refiux. The artist, as you can see, was not a surgeon, and the 
suture is not placed in the lumen. 

(Slide) The phrenicoesophageal ligament is incised, [slide] and 
then sutures are put into the esophageal wall and bolstered with 
Teflon pledgets. It is impossible to put these through 360°. How- 
ever, one can go from crus to crus, and it takes about 6 sutures, at 
the most 8, to get around this part of the esophagus. 

(Slide) These, having been placed through this apron, are then 
brought out through radial incisions made through the dome of the 
diaphragm. 

(Slide) Then a figure 8 suture closes the diaphragmatic openings, 
and the pull-through sutures are tied to each. This pulls the repair 
below the diaphragm. 

In the first 50 cases reported by Dr. Ochsner two years ago there 
was one recurrence, and it was for this reason that he added the 
Teflon pledgets to the esophageal suture. Since that time, a number 
of us at the Ochsner Clinic have been using this procedure. We have 
been well satisfied with it, and there are approximately 100 cases 
in this series. There have been no recurrences since this change in 
technique. The only complication has been a mild dysphagia re- 
. quiring anywhere from one to three dilatations in the immediate 
postoperative period in about 10% of patients. 


Dr. FELIX A. EVANGELIST (Charlotte, North Carolina): I rise to 
thank Dr. Woodward for bringing us a continuing update on the 
advantages of the Nissen fundoplication. We too have been en- 
thusiastic about this procedure. About three and a half years ago we 
felt it might be advisable to add a small technical variant in the form 
of combining the Nissen fundoplication with the Collis gastroplasty, 
and we would like to present it to you for your consideration. 

Initially we attempted, as have many others, to combine the 
‘Collis gasteroplasty with a Belsey type of fundoplication and utilize 
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the standard GIA stapler to create the gastric tube. It rapidly became 
apparent that this method had several serious drawbacks, including 
the potential for a leak at the suture line and the need to turn in a 
significant segment of gastric wall in order to reinforce the staple 
lines when the fundus was divided by the GIA stapler. We then 
modified the stapler to remove the cutting blade and were readily able 
to combine the Collis type gastroplasty with the Nissen fundoplication. 

In the first slide we see a modified GIA stapler being applied to 
the fundus of the stomach and being caused to abut against and 
paralle] to a No. 52 French Hurst mercury filled bougie which is 
residing along the lesser curvature side of the stomach. The staples 
are driven home and the stapling instrument removed. This creates 
a 5 cm tubular segment of the lesser curvature side of the stomach 
with an internal caliber equal to that of the No. 52 French bougie. 
However, the fundus of the stomach is not separated from the newly 
created tube. It is then quite simple to perform a Nissen wrap- 
around about this gastric tube. 

The next slide demonstrates the original stapling cartridge with the 
cutting blade intact and one with the cutting blade removed being 


` applied to two gastro-esophageal models. One can notice that from 


the inside of the stomach there is no difference in the two. 

In this slide the stapling device has been removed and the line 
of staples can be visualized. This particular patient happened to 
also have achalasia and as you can see has undergone a Heller 
myotomy accomplished at a portion of the esophagus 90% to the 
left of the staple line and carried well down onto the gastric wall. 

(Slide) The standard wraparound is now carried out in the usual 
fashion. It can be seen that the Heller myotomy is carried well below 
the wraparound. The bougie is then removed and the operation 
completed. 

Postoperative studies by cine esophagrams demonstrate excellent 
competence of the gastro-esophageal junction. In a small series of 34 
patients now followed to three and a half years there have been no 
incidences of recurrence cf symptoms, anatomic recurrence of the 
hernia or gastro-esophageal reflux. Postoperative manometric stud- 
ies routinely demonstrate an excellent high pressure zone in the distal 
esophagus and the tubulated segment of the stomach. 

The procedure is readilv applicable to the patient with esophageal 
stricture by dilating the stricture preoperatively or intraoperatively. 
Although in the latter case approximately 15% of the patients will 
require one or two dilatations in the first 90 days postoperatively 
if the original stricture was rather severe. 

We feel this procedure is technically extremely simple. It adds only 
one minor step to the standard Nissen fundoplication and appears 
to be withstanding the test of time, to this point at least. 


Dr. FREDERIC L. BUSHKIN (Closing discussion): Dr. Sawyers, in 
our experience we have used the Nissen fundoplication and Hill 
posterior gastropexy as the main surgical procedures in the treat- 
ment of significant peptic reflux esophagitis. The Belsey procedure 
was used in a much smaller group of patients. We feel it is not as 
good a procedure as the others just mentioned because of the 
approximation of sutures placed in the weak esophageal musculature. 
The serosa to serosa approximation of the Nissen procedure and the 
use of the preaortic fascia in the Hill procedure, in theory and 
probably in fact, should be less likely to have anatomic and 
physiologic recurrences. 

We have performed 165 Nissen procedures, as presented today, 
and 65 Hill procedures. The patients with the Hill procedure are 
presently being reviewed. The numbers reflect our earlier use of and 
interest in the Nissen procedure. Also the Nissen procedure has been : 
used in the difficult primary or recurrent secondary cases seen at our 
institution. We use the Hill procedure in uncomplicated cases that 
can be performed through an abdominal incision. Indications for 
the Nissen procedure have been previously presented. 

Proximal gastric vagotomy may be performed at the time of the 
Nissen procedure in patients without outlet obstruction. In those 
cases truncal vagotomy and pyloroplasty are indicated. We have used 
definitive ulcer procedures combined with an anti-reflux procedure 
mainly in patients with active ulcer disease or significant ulcer disease | 
in the past. More recently, selected high risk patients with gastric ' 
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hypersecretion alone have also had proximal gastric vagotomy in 
addition to the Nissen procedure. This trend to combine both pro- 
cedures was recently reported by Dr. Paul H. Jordan, Jr. At the 
present time Dr. Jordan is performing proximal gastric vagotomy 

with the Nissen procedure as a routine. 

Dr. Polk is particularly interested in the surgical aspects of the 
treatment of reflux esophagitis and presented his experience before 
the Southern Surgical Association last year. In the various reports by 
Dr. Polk, Dr. Jordan, and Dr. F. Henry Ellis, Jr. the gas-bloat 
syndrome was not often noted. This was of concern to us and was 
ene of the factors we attempted to analyze in our series of patients. 
We use a number 50 French Hurst bougie as well as an 18 French 
nasogastric tube while the fundoplication is being performed. No 
attempt is made to make a tight wrap. The dynamic physiologic 
events of increased pressure in the wrap in tbe postoperative state 
result in the preventicn of reflux. The failure to eructate may merely 
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reflect an undesirable consequence of the initia! purpose of the 
operation, This phenomenon is less significant as time goes on. 
Lower esophageal sphincter measurement may in the future be a 
means of selecting and assessing various groups of patients. Dr. Tom 
DeMeester and Dr. David Skinner have reported interesting data in 
this regard. 

We have not used Teflon bolsters to reinforce sutures in the lower 
esophageal musculature wall. As previously mentioned, we have pre- 
ferred procedures that do not utilize the esophagus as a major part of. 
the procedure. 

We have not used the Collis-Belsey procedure for the creation of 
a neoesophagus as mentioned by Dr. Evangelist. Dr. W. Spencer 
Payne and his colleagues at the Mayo Clinic have had an extensive 
experience with this operation. We have not found mobilization 
of the fundus to be a problem and have not used the GIA stapler 
to create a new lower esophagus. 


Carotid Endarterectomy: 


Neurologic Complications as Related to Surgical Techniques 


WILLIAM H. PRIOLEAU, JR., M.D., ALBERT F. AIKEN, M.D., PETER HAIRSTON, M.D. 


Three hundred seventeen carotid endarterectomies performed 
on 240 consecutive patients in four Charleston hospitals 
were reviewed. The overall incidence of stroke was 10.7% 
and the mortality 3.2%. From these 317 operations a standard- 
ized series of 253 operations performed on neurologically 
stable patients was analyzed for neurologic complications as 
related to the use of an intra-operative shunt. Additional 
factors studied were length of time of carotid occlusion and 
degree of contralateral carotid stenosis. 

From the standardized series the incidence of stroke in 137 
shunted cases was 9.5%, and in 116 non-shunted cases was 
0.9%, a significant difference (p > 0.01). Carotid artery oc- 
clusion times from 30 seconds to 12 minutes in the shunted 
group, and three minutes to 24 minutes in the non-shunted 
group had no relationship to the incidence of stroke. Signif- 
icant contralateral carotid artery stenosis, present in 28/137 
shunted cases and 30/116 non-shunted cases, had no predictive 
value in the development of a stroke. 

The use of an intra-operative shunt did not protect against 
stroke in these patients. 


C ENDARTERECTOMY for stroke was first 
performed in 1953 by De Bakey.* Since that time 
the operation has become the standard procedure for 
treatment of patients with atheromatous lesions at the 
carotid bifurcation. Despite extensive experience there 
remains the occasional operative complication of 
neurologic deficit. Surgeons differ in their idea of how 
the neurologic deficits develop, and consequently they 
differ with regard to measures to provide cerebral 
protection during the operation. 

Much of the controversy surrounds the use of an in- 
traoperative shunt. Proponents of using a shunt argue 
that reduction of the time of cerebral ischemia is 
important in avoiding strokes. Those who do not use 
shunts believe that the risk of arterial embolus from 
manipulation of a shunt outweighs the possible bene- 
fits of reducing the time of carotid occlusion. There 
are series of cases with low rates of neurologic 
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complications both with and without the use of shunts, 
suggesting that experienced surgeons may develop 
proficiency in doing the procedure by either tech- 
nique when patients are properly selected. 15:8-10 

Such series of cases leave unexplained however, 
the true nature of many strokes associated with 
carotid endarterectomy. Few patients come to autopsy, 
and the distinction between an embolus and prolonged 
transient ischemia is difficult to make. 

There are methods available for comparing groups of 
shunted and non-shunted cases so as to suggest the 
mechanism of the development of a stroke. If the 
duration of carotid artery occlusion is an important 
factor in developing neurologic deficits, there should 
be an increased incidence of stroke with long occlusion 
times. If strokes occur with short occlusion times af- 
forded by a shunt, the etiology would more likely be 
an embolus. If the contralateral carotid circulation 
Is important in protecting the brain from ischemic 
infarct during operation, there should be an increased 
incidence of stroke when the contralateral circulation 
is impaired if ischemia is the important factor. - 

In a medical community divided with regard to use of 
shunts, carotid endarterectomies have been analyzed 
for use of a shunt, duration of carotid arterv- 
clamping, contralateral carotid artery occlusive dis- 
ease, and incidence of stroke. 


Materials and Methods 


Three hundred seventeen carotid endarterectomies 
performed on 240 consecutive patients by 15 board , 
certified surgeons form the basis of this report. The 
patients were from one university hospital and three 
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TABLE 1. Operations Reviewed 
Hospital Dates Operations Patients 

MUH 1962—1976 116 93 

St. Francis 1973—1975 102 71 

Roper 1973-1976 84 64 

Trident 1975— 1976 1S 12 
317* 240 


* 77 Patients-—bilateral operations. 


community hospitals within the dates indicated in 
Table 1. 

The following details of the records were noted: (1.) 
Preoperative: Age, race, sex, method of radiologic 
examination, degree of occlusion of carotid and verte- 
bral arteries, and preoperative neurologic status. (2.) 
Operative record: Dissection of the plaque from the 
artery wall prior to clamping, duration of carotid oc- 
clusion to the nearest minute, use of a shunt, use of 
heparin, reversal of heparin, and stump pressures 
when available. (3.) Postoperative: Survival, neuro- 
logic complications during. hospital stay, time interval 
between operation and onset of neurologic symptoms, 


other complications such as hemorrhage or myocardial 


infarct. 

A motor deficit present for at least several days 
and agreed upon by more than one observer was 
required to be considered a stroke. Sensory changes 
and transient dysarthria were not considered strokes. 
The type of stroke was not expressed as transient 
or permanent as the information available for the 
immediate postoperative course was inadequate to de- 
termine which category was appropriate in many in- 
stances. 

Overall results were determined for operative (hos- 
pital) mortality (Table 2) and the incidence of stroke 
with and without the use of a shunt (Table 3). 

To focus on the problem of embolus vs. prolonged 
carotid occlusion an effort was made to standardize the 
series by eliminating as many strokes as possible that 
appeared to be related to aspects of the case other than 
possible embolus or prolonged occlusion. Therefore 
operations were eliminated for any of the following 
reasons: (1.) Preoperative neurologic instability. (2.) 
Total occlusion of the carotid artery on which the 
operation was being performed. (3.) Obvious compli- 


TABLE 3. Total Series Stroke Following Shunted and 
Non-Shunted Operations 


Operations Stroke % 
Shunt 176 22 12.8% 
No Shunt 141 12 8.5% 
Total 317 
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TABLE 2. Overall Results 317 Operations/240 Patients 


Number Percent 
Stroke* 34 10.7% 
Mortality 10 3.2% 


* Stroke— Motor Deficit. 


cations with management of a shunt. (4.) Use of em- 
bolectomy catheter. (5.) Multiple operations under the 
same anesthetic. (6.) Postoperative thrombosis of the 
carotid artery on which the operation was performed. 

By eliminating the above categories of patients. a 
total of 64 cases, the cause of a stroke in the remaining 
cases could more likely be narrowed down to the time 
of carotid occlusion or the occurrence of embolus. 

The standardized series consisting of 253 operations 
was analyzed for the occurrence of stroke as a func- 
tion of the carotid occlusion time for the shunted (Fig. 
1) and the non-shunted operations (Fig. 2). 

To evaluate the importance of contralateral carotid 
artery circulation as a protective mechanism the inci- 
dence of stroke was determined in cases with high 
grade and low grade contralateral carotid artery steno- 
sis. Of the 253 operations in the standardized series 
there were 243 with x-ray reports describing the degree 
of contralateral carotid artery stenosis. Cases where 
the stenosis was described as mild, moderate, 50% or 
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Fic. 1. In 133 operations using a shunt there were 13 strokes (9.5%), 
most of which occurred with an occlusion time of one minute. 
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less, and previously endarterectomized arteries were 
placed in à group of low grade stenosis. Cases de- 
scribed as greater than 50% stenosis, severe, or total 
occlusion were placed in a group of high grade stenosis. 

To see if the degree of vascular disease was equiva- 
lent in the shunted and the non-shunted groups, the 
incidence of high grade contralateral carotid artery 
stenosis was compared for the two groups. 


Results 


There were 34 strokes (10.7%) and 10 deaths (3.2%) 
in 317 operations on 240 patients (Table 2). 

In the total series of 317 operations (Table 3) there 
were 22 strokes in 176 shunted cases (12.896). There 
were 12 strokes in 141 non-shunted cases (8.5%), not a 
significant difference. 

In the standardized series of 253 operations (T able 4) 
where strokes would more likely be related to embolus 
or time of occlusion there were 13 strokes in 137 
shunted cases (9.5%), and one stroke in 116 non- 
shunted operations (0.9%), p « 0.01. 

Occlusion time appeared to have no relation to the 
incidence of stroke as noted in Figures 1 and 2. The 
range of occlusion times in shunted patients was 30 sec- 
onds to 12 minutes and in the non-shunted cases three 
minutes to 24 minutes. 

In the non-shunted cases with 17, 21, and 24 minute 
occusion times there was severe contralateral carotid 
occlusion suggesting that the degree of contralateral 


TABLE 4. Standardized Series Total Operations -253 


Strokes Operations Percent 
Shunt 13 137 9.5% 
No Shunt ] 116 0.9% 


p less than 0.01 
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Fic. 2. In 110 operations 
not using a shunt there was 
one stroke (0.9%) occurring 
with a 10 minute occlusion 
time. 


22 24 


carotid occlusion is not an adequate measure of the 
need for haste in conducting a carotid endarterectomy. 
The case with a 24 minute occlusion time had a contra- 
lateral carotid artery occlusion and in addition a contra- 

lateral subclavian artery stenosis. | 

In cases both of low grade and high grade contra- 
lateral carotid artery stenosis there was a higher inci- 
dence of stroke among shunted cases (Table 5). In the 
cases of high grade contralateral carotid artery stenosis 
where the shunt might have been of value in reducing 
the chances of ischemic damage there were three 
strokes in 31 shunted cases (9.7%) and one stroke in 
31 non-shunted cases (3.2%). 

The patients on whom a shunt was used were not at 
greater risk than the non-shunted cases from the stand- 
point of vascular disease of a vessel that might be im- 
portant in cerebral protection (Table 6). There were 31 
cases of the 140 shunted operations with a high grade 
lesion of the contralateral carotid artery (22%) and 31 
cases of the 103 non-shunted operations with a high 
grade lesion of the contralateral carotid artery (30%). 


Discussion 


The brain does not appear to undergo ischemic 
damage during the conduct of carotid endarterectomy 
without a shunt with occlusion times up to 15 minutes. 


TABLE 5. Comparison of Populations at Risk 


Stroke No Stroke % 
Low Grade 
Shunt 8 101 7.396 
No Shunt 0 72 095 
High Grade 
Shunt 3 28 9.7925 
No Shunt 1 30 3.296 
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TABLE 6. Comparison of Populations at Risk 


High Grade* 
Shunt 
140 31 (22%) 
No Shunt 
103 31 (30%) 


* Degree of Contralateral Stenosis. 


The incidence of stroke remains low, even in the 
presence of severe stenosis of the contralateral carotid 
artery. 

Too few cases in this series had occlusion times 
beyond 15 or 20 minutes to evaluate the safety of 
carotid occlusion for prolonged periods. In the report 
by Akl et al.,! however, there were 55 out of 77 endar- 
terectomies with occlusion times over 20 minutes and a 
low incidence of neurologic complications suggesting 
that the duration of carotid occlusion can be quite pro- 
longed without the occurrence of stroke. 

Unless a shunt is intervening in a process leading to 
ischemic injury, it is hard to justify its place in the 
operation. This is especially true as placing a shunt in 
an artery necessitates manipulation and the possible 
dislodgment of atheroma to form an embolus. In Fig. 1 
it is suggested that the strokes occurring with short 
occlusion times in shunted cases were the results of such 
manipulation, as the time of carotid occlusion could 


hardly be sufficiently long to cause ischemic changes 


to the brain. 

In a detailed study of cerebral blood flow and carotid 
endarterectomy Boysen found no consistent pattern to 
the patients who developed strokes and concluded 
that embolus was the greatest threat to successful 
outcome of the operation.? Our data support this 
conclusion. 

The usual cerebral protection by moderate elevation 
of blood pressure and use of heparin appears adequate 
during the conduct of carotid endarterectomy. Routine 
determinations of stump pressure!*7* or monitoring 


DISCUSSION 


Dr. Jesse E. THOMPSON (Dallas, Texas): I was intrigued by Dr. 
Hairston’s paper, since the shunt was introduced into carotid surgery 
in an attempt to reduce mortality and strokes, rather than cause them. 

Movius and Gaspar lowered operative mortality from 16% to 1%, 
and operative strokes from 16% to 5%, using a shunt, and in our 
experience mortality went from 4.8 to 1.5%, and stroke incidence 
was reduced by two thirds with a shunt. Likewise Boysen and 
Engell in Denmark, in a beautiful series of clinical investigations, 
have shown that a shunt is a very reliable technique for restoring 
carotid flow, for restoring cerebral blood flow, and for reversing 
EEG changes to normal. 

Recent discussion has been not whether the shunt is effective, 
but whether it should be used routinely or only selectively in those 
severe cases where cerebral blood flow is inadequate, and some 
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by electroencephalography”*® might help pick out 
candidates who could theoretically benefit from a 
shunt, but in the absence of clear indications the use of 
a shunt does not seem warranted as the risks outweigh 
the benefits. 

Carotid endarterectomy can be performed with alow 
incidence of neurologic complications without the use 
of a shunt when there is a meticulous attention to the 
avoidance of dislodging atheromatous materiel which 
may form an embolus. 
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form of cerebral support is mandatory. Selective use o7 the shunt. 
in the worse cases, or under operative duress, is thus a very im- 
portant point. 

I think the implications of this study may be misleadirg; namely, 
that the shunt contributes to an increased mortality and stroke 
morbidity. I suggest that we inquire further into other factors which 
are more likely responsible for deaths and deficits, but have nothing 
to do with the shunt. These include clinical classification, selection 
of patients, timing of operation, intraoperative anesthetic and 
technical management, postoperative management, and, especially, 
proper technique of shunt insertion. 

(Slide) Production or aggravation of strokes by operation can 
occur from multiple causes, all related to cerebral infarction from 
thrombosis, embolism, or metabolic factors. For comparison of 
results, one must classify patients into groups on the bas:s of neuro- 
logic status. Thus mortality will range from 0% in asymptomatics 
to 60% in acute, frank strokes. 
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Selection of patients for operation is the single most important 
factor related to morbidity. Most frank strokes, and all acute and 
progressing strokes, should not be operated upon. Timing of opera- 
tion is also critical. Factors in the intra- and postoperative manage- 
ment are also pertinent. These relate to hypotension, hypertension, 
and surgical technique. 

(Slide) Finally, the technique of shunt insertion is most important. 
The plaque must be completely divided by a linear arteriotomy, 
and the shunt inserted into normal distal lumen. I do not believe 
that the risk of embolism is any different in -cases with or without 
a' shunt, since embolism occurs as a result of undue manipulation 
of the artery prior to arteriotomy, and is not related to the shunt. 
I personally have not seen an embolus that could be attributed to 
the use-of the shunt. 

In the largest series of TIAs poned, the conclusions are: (1) 
that with stump pressures, EEG, or local anesthesia, one can use 
shunts selectively with satisfactory results, and (2) that the routine 
use: of a shunt has given slightly better results than any other tech- 
nique reported so far. 

In conclusion, if a series with the shunt gives poorer results than 
a series without the shunt, I submit that we must look for factors 
other than the shunt to explain the discrepancy, provided the shunt 
is being used in a proper technical fashion. I would like to ask Dr. 
Hairston if these patients were separated into comparable clinical 
categories; based on neurologic status prior to operation. 


Dr. WILLIAM H. Epwanps (Nashville, Tennessee): I would like 
to limit my comments to Dr. Hairston's presentation concerning 
the use of shunts. 

Itoo have utilized shunts almost routinely in all carotid endarterec- 
tomies that I have performed. I would wonder if technique is not 
so important that, as Dr. Thompson has indicated, it is essential the 
shunt. be inserted above the point of the disease, whether it be 
stenotic or arteriosclerotic disease, whether it be atheromatous 
plaques with thrombus present within these plaques. 

'Dr. Hairston did not mention the use of heparin or anticoagulants 
in their patients. It has been my practice to utilize systemic 
heparinization for some years since the utilization of a small 
shunt some years ago. At the time of its removal from the artery, it 
was thrombosed, and since that time I have used systemic heparin. 

I'd like to show two slides, if 1 might, and bring up a point concern- 
ing an anatomic variation which we have encountered in the last 
three to four months which is important. 

(Slide) This is an arteriogram showing the lateral percutaneous 
carotid arteriogram on your left, which appears to show complete 
internal carotid occlusion, filling of.the external carotid with what 
would appear to be an ascending pharyngeal as the first posterior 
branch of this vessel. There is no evidence of intracerebral filling 
or-this vessel. 

On the retrograde brachial arteriogram, shown on your right, with 
the late filling of the film, there is filling of the internal carotid high 
in the neck, which does not show too well on this film. From this we 
felt that there was patency of the internal carotid, as, indeed, it was. 

(Slide) Here is a percutaneous carotid arteriogram, again showing 
a complete occlusion of the internal carotid just distal to the bifurca- 
tion, but in this particular slide; as you can see, there is a branch of the 
internal carotid which has maintained the patency of the vessel in the 
neck. My teachings and the anatomic teachings that I have read 
indicate that there are no branches of the cervical branches of the 
carotid in the neck. This demonstrates the fact that there is. Both of 
these patients demonstrated this type of vessel. I think that we need 
to be aware of this in some patients in whom there may be complete 
carotid occlusion, as shown by arteriograms; that with four-vessel, or 
complete arch aortography, we can determine whether there might be 
patency of the vessel distal to this point. 


DR. GEORGE JOHNSON, JR. (Chapel Hill, North Carolina): To 
follow Dr. Thompson and Dr. Edwards on the subject of carotid 
endarterectomy i is like following Babe Ruth and Lou Gehrig at bat. 
The basés are now empty; the big hits have already been made. 

This paper by Dr..Hairston represents another important contribu- 
tion to the shunit/rio shunt controversy in doing a carotid endarterec- 
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tomy. The results do suggest that the shunt was of no value in pre- 
vention of a stroke while performing a carotid endarterectomy. 1 
assume this is a nonrandomized study. If so, we cannot make firm 
conclusions. Many factors, and Dr. Thompson has already men- 
tioned some of them, such as the operating surgeon, indication for 
operation, the distal stump pressure, the status of the vertebral 
arteries, anesthesia techniques, and time elapsed since the stroke— 
influence the verdict. These authors have addressed many of these. 
However, merely showing a similar incidence of these factors i in the 
two groups does not exclude their influence. 

We have used a shunt in the last 52 consecutive patients, ME 
have no operative mortality, and one minor, transient ischemic 
attack in a patient who was inadvertently not given heparin. I 
do not believe we need a shunt in the great majority of patients, 
but when used appropriately, it is without complications, and when 
really needed it can be used with expertise; the same emphasis that 
Dr. Edwards made. 

Perhaps it can be shown that it is never needed; at that time we 
should discard it altogether. Although I question the conclusions 
of the authors, the contribution of this large series is important. 


Dr. ALTON OCHSNER, Ja. (New Orleans, Louisiana): First of all, 
in spite of the title, let me point out that they did not deal with the 
most common neurological complications of carotid endarterectomy, 
and I refer, of course, to the interference with the carotid sinus 
nerve refiex, which can give hypertension, usually transient, and the 
disturbance we get in the innervation of the pharynx and the vacal 
chords, the true incidence of which I’m sure none of.us would 
like to prove. 

- But what they did deal with was the most important neurological 
deficit, or problem, and that is, of course, the postoperative stroke. 
They tried to determine whether shunts—intravascular shunts— 
would prevent this. It, obviously, is a most important subject, with 
some medicolegal implications, particularly when you have fine 
surgeons with the experience of Dr. Thompson recommending 
this as being used almost routinely. 

The study presented certainly makes a strong case that a shunt may 
not be necessary. It does suggest, however, that a shunt might be 
dangerous, and I am not sure that this is a fair conclusion. 

This study represents accumulated results, I gather, of many 
surgeons, and may be weighed favorably towards the nonshunters, 
becausé it's likely that shunts were most frequently used by least 
experienced vascular surgeons, who also would probably be the ones 
to do the poorest job of endarterectomy. 

However, to strengthen the conclusion that at least routine iit 
ing is not an answer to the postoperative stroke problem, I will 
briefly present an expérience of one surgeon. In a series of 527 
carotic operations of all types in which there was occlusion of the 
blood flow, a shunt was utilized only 8 times. 

Now, the use of the shunt is considered for the following condi- 
tions: when there is occlusion of the contralateral internal carotid 
artery, when there is a suggestion of anterior bifurcation or fetal 
trifurcation on the cerebral angiogram, and when putting in a patch. 
The shunt may not be used, however, under these conditions, if at 
operation there is a vigorous backflow from the internal carotid 
artery, or if there is difficulty in getting the shunt in. 

In these few shunted cases there were no permanent problems. 
One patient in whom it was thought that a shunt should have been 
used—but there was great difficulty in inserting it, so it was aban- 
doned—-there was tonac weakness of the arm on thé opposite 
side. 

Now, the rest of the series represents nonshunted cases, with 
occlusion times of three to 28 minutes, average of 11 minutes. In this 
series there were four deaths. Two of these were cardiac, one was ` 
from cerebral hemorrhage, and the other was believed to be from 
cerebral hemorrhage occurring a week after an acutely occluded post- 
operative thrombus was removed from the' neck, but fhere was no 
autopsy. I doubt that any of these deaths could have been pre- 
vented by the use of a shunt. 

There were only three people who suffered permanent neurological 
deficit in this group, and all of these were the result of postoperative ' 
thrombosis of the carotid. artery in the neck. And I doubt if these 
could- have been prevented by a shunt. 
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There were at least two patients who had developed transient 
neurological deficits suggestive of emboli. This occurred post- 
operatively, however, and I doubt if these could have been pre- 
vented by a shunt. 

The causes of postoperative stroke, of course, are a result of (1) 
general cerebral ischemia, with or without a primary thrombosis, 
cerebral emboli, thrombosis of carotid vessels, and cerebral 
hemorrhage. And I believe that only in the prevention of cerebral 
ischemia will a shunt be helpful. There may be a selective use for 
the shunt, but in general I think that most of these operations can 
be done safely without a shunt. 

May I just make one remark about John’s case? This is a very 
interesting présentation, because if it were not for the surgeons 
operating upon the carotid artery, we'd never learn anything about 
the pathology of this area, because the pathologists guard this 
area very jealously for the undertaker. 

I have not had a chance to read John's paper, but in his abstract 
he infers that this is different from the kinking in the adult, inferring 
that the latter is due to atherosclerosis. I’m not sure that this is the 
case. In the adult where you have the redundancy, you may or may 
not have atherosclerosis, and very frequently you have no evidence 
of atherosclerotic plaques. 'And it's always been my impression, 
although I have never seen this demonstrated yet, that this also is 
due to elastic tissue dysplasia. These vessels lack resiliency. 
They pull apart with the least bit of tension. I would like to know, 
John, if your pathologists can assure you that this is a different 
condition in-the children than it is in the adults. 


Dr. DANIEL B. NUNN (Jacksonville, Florida): My remarks are 
directed to the paper presented by Dr. Prioleau and his associates. 

The results of this study are certainly interesting, but contra- 
dictory to those previously reported in the literature. Since the 
results in this type of study are obviously dependent upon the ac- 
curate selection of clinical material, I share the concern of the previ- 
ous discussants with respect to the type of cases included in this 
study. In my own judgment, all patients in a study of this type should 
be asymptomatic at the time of operation, have significant arterio- 
graphic findings (preferably limited to the operated side), and, quite 
naturally, undergo the same type of surgical procedure with the ex- 
ception of the two factors under consideration. 

‘It should be pointed out that cerebral embolization can occur 
during carotid endarterectomy irrespective of whether or not a 
shunt is employed. Embolization in this type of surgery is caused 
by palpation and dissection in the area of disease prior to cross clamp- 
ing, residual tissue fragments at the site of endarterectomy, and 
distal intimal dissection. 

Also, it should be noted that the purpose of a shunt tube is not 
only to eliminate the danger of cerebral ischemia as a result of carotid 
occlusion but also to decrease the danger of operative and post- 
operative embolization and thrombosis by allowing for an unhurried 
and more precise endarterectomy. 

Finally, I wish to emphasize again that shunting has been shown 
to be an extremely effective means of providing cerebral support 
during carotid endarterectomy. One need only witness the excellent 
results reported by Dr. Jesse Thompson. Without question, it fol- 
lows that the shunt must be handled in a proper manner and in 
experienced hands this is N.B.D., no big deal. 


Dr. HENRY T. BAHNSON (Pittsburgh, Pennsylvania): Dr. Jesse 
Thompson has already mentioned the subject that I want to say a 
word aboüt; namely, local anesthesia. If one is not going to use a 
shunt, I feel that you should use this, or some means of knowing 
where you stand. 

Dr. Spencer and I presented a paper at this organization in the 
early days of carotid endarterectomy, and one of the principles that 
we emphasized was the use.of local anesthesia. I feel a little ridiculus 
in mentioning this, since virtually everyone in the world has aban- 
doned this technique. 

There are several advantages. It's a nice incentive to delicacy, 
and there's no operation, I believe, where one has more need for 
delicacy than this. 

Dr. Hairston, I would mention that it's a very valuable guide to 
let you know when trouble happens. We have had strokes when we 
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have used local anesthesia, but we have been able to identify quite 
clearly that they occur at the time we have injudiciously manipulated 
a carotid artery that had thrombus in it, rather than a simple plaque; 
or the stroke has occurred in the postoperative period, when the 
patient either becomes hypo- or hypertensive. It's very comforting 
to have the patient talk to you, or count, or have some way to let you 
know that his cerebral circulation is not being embarrassed. 


Dr. WILLIAM H. PRIOLEAU, JR. (Closing discussion): We appre- 
ciated the comments of the discussers, especially Dr. Thompson, 
and we think many of the points made were appropriate. 

We believe, as Dr. Thompson stated, that the shunt when not 
properly employed can be a cause of neurologic deficit. We empha- 
sized on the slide in which we had the occlusion times that most 
of the strokes occurred when there was an occlusion time of only 
one minute. This points out the fact that the shunt can be a source of 
trouble if it is not properlv employed, as one minute of occlusion 
would probably not cause ischemic brain damage. 

Our survey may be taken in perspective with other studies to 
show the importance of experience in using the shunt. In the survey 
of the Charleston area the surgeon who had the greatest experience 
with the shunt had an incidence of neurologic deficit which was 
much less than the average of 9%. It was closer to 5 or 6%. The re- 
maining shunted cases in this survey involved surgeons who had 
fewer cases and their complication rate was considerably higher. 

Now, if you extend this spectrum in the other direction, you get 
into a larger series, such as that of Dr. Nunn which was recently 
published, and he has a lower incidence of trouble with the shunt. 

Finally, one gets to Dr. Thompson' s series of over 1 i and there | 
is a complication rate that is less than 1%, 

Another criticism mentioned was patient selection. These cases 
were carefully analyzed by a neurologist. In standardizing the series 
for a comparison of shunted and nonshunted cases, those who had 
had a recent persistent neurologic deficit were weeded out, along 
with those cases in which there was some obvious complication 
with conduct of the operation. 

Heparin was used virtually in all these patients. They were all 
done .under general anesthesia. The survey involved 15 Board- 
certified surgeons. 

The fact remains that there was a lower complication rate 
with nonshunted cases in this survey of a community practice. 
The carotid occlusion times were very short in most cases that 
developed a neurologic deficit. This indicates that the use of a shunt 
constitutes a procedure which may be associated with complications. 
Continuing efforts should be made to determine if and when the 
use of a shunt is really necessary. 


Dr. JOHN L. OCHSNER (Closing discussion): In answer to the one 
question directed to our paper, I didn’t want to imply that there 
are only two causes of elongation which results in either tortuosity 
or coiling or kinking of the carotid artery. There’s no doubt that 
arteriosclerosis is a cause; since it does destroy elastic tissue; hence, 
the reason for an aneurysm. And in the adult there are other reasons. 
Some of these people may have destroyed elastic tissue from an 
autoimmune disease or some infectious process. 

It's also been suggested that kinking or coiling can occur from a 
differential in growth of the skeletal and the vascular systems in the 
fetus, since in the fetus the carotids are normally coiled, and should 
the skeletal system grow not as rapidly as the vascular system, 
there will be persistence in the coiling. There are also some bands 
that can hold down the vessel, and hence the coiling will result 
with a kinking. 

But in these three particular cases there was no coiling; there 
was no tortuosity. There was a pure kinking effect in the area, and 
this area was devoid of elastic tissue, and we know this, because the 
one case that there wasn’t complete excision, there was recurrence. 
Any time you can stretch a vessel long enough, or far enough, you 
will destroy elastic tissue; and there is reason to believe that you 
could have some injury to a vessel to elongate it, and hence set up 
a situation in which there is disruption of the elastic tissue, and 
eventual kinking. But in these three cases we're pretty well con- 
vinced that it’s a congenital abnormality, the dysplasia of the elastic 
tissue itself. ; 
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Elongation with kinking of the internal carotid artery is not an 
uncommon finding. Cerebral vascular insufficiency has been 
reported secondary to this abnormality. Although arterio- 
sclerosis is a frequent cause in adults, the etiology in children 
has never been explained. Three children with significant kink- 
ing of the internal carotid artery are reported here. Each 
underwent surgical correction by excision and reconstruction. 
Histological review showed the elastic tissue to be disrupted, 
diminished in amount, and unevenly distributed. Retrospective 
examination of this elastic tissue dysplasia showed it to be 
localized, there being normal morphology both proximally 
and distal to the involved area. There was recurrence of 
elongation and kinking in one patient due to incomplete ex- 
cision. Correction was accomplished after re-excision of the 
involved tissue with a vein graft interposition. From this study, 
it can be concluded that elongation and kinking of the internal 
carotid artery in children is secondary to elastic tissue dys- 
plasia. It is imperative that the entire involved area be removed 
in order to prevent recurrence. The excised specimen should 
be studied histologically with elastic tissue stains. Such stains 
cannot be performed as frozen section. Should permanent 
studies show the margins of resection not to be beyond the 
dysplastic tissue, careful followup of these children is essential 
to recognize recurrence. 


b WITH COILING and kinking of the 
carotid arteries is not an uncommon finding. The 
condition, which may or may not produce symptoms, 
Occurs most commonly in adults as the result of de- 
generative arteriosclerosis. However, it has been re- 
corded in children who have developed transient is- 
chemic attacks, permanent neurological deficits, or 
persistent convulsive disorders. Although it has been 
assumed to be congenital in these young patients, 
the true etiology has never been explained. We have 
seen three children at the Ochsner Clinic who have had 
elongation with kinking of the internal carotid artery. In 
each case the cause of this process was abnormalities 
of the elastic tissue, disruption, diminution in amount, 
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and uneven distribution. Reported here are the three 
cases and the principles of surgical treatment. 


Case Reports 


Case 1. A nine-year-old boy was seen at the Ochsner Clinic in 
March of 1971 because of a pulsating, progressively enlarging mass 
in the right side of the neck that the mother stated had been present 
since infancy. There was no history of neurological abnormalities. 
A grade II/VI systolic murmur heard over the mass could be ob- 
literated by compression of the carotid artery. The mass was thought 
to represent a tortuous carotid artery, and because of the progres- 
sive increase in size and presence of a murmur, the area should be 
explored. Because the patient also had an asymptomatic left in- 
direct inguinal hernia, the procedure was to be combined with 
herniorrhaphy. 

At operation, an elongated, enlarged, coiled right internal carotid 
artery with a severe kink was found (Fig. 1). The kinked area was 
excised and an end-to-end anastomosis was performed. Distal 
pressure in the internal carotid artery was measured at 65 mm Hg 
and shown to be pulsatile. Consequently, an internal shunt was 
deemed unnecessary. 

Histological examination of the excised artery revealed elastic 
tissue dysplasia of the carotid artery with wide variation in the archi- 
tecture and amount of elastic tissue as shown by both hematoxylin 
and eosin and Verhoeff stains. In some areas, the elastic tissue was 
extremely abundant, showed the usual laminar formation, and had a 
well-defined internal elastica, but in other areas the elastic mem- 
branes were disrupted, diminished in amount, and unevenly dis- 
tributed (Fig. 2). There was substantial intimal sclerosis in some 
areas, but not in others; hence, the lumen of the vessel showed 
variation in caliber. The patient recovered without complications 
and has been followed up to the present time without evidence of 
recurrence. l 

Case 2. A five-year-old boy was seen in the Ochsner Clinic in 
August of 1968 with a recent onset of headaches and a history of 
a pulsating mass in the right side of the neck. The parents stated 
that this mass had been present since birth and had progressively 
enlarged. It was in the right anterior triangle of the neck, was mov- 
able, and there was a grade IJI/VI systolic murmur. Except for the 
frequent right-sided headaches, there were no neurological symp- 
toms. The mass was thought to represent an anomaly of the carotid 
artery that should be corrected. 

At operation, the internal carotid artery was enlarged and had a 
severe kink. The enlarged and kinked segment was excised and an 
end-to-end anastomosis performed in order to straighten out the 
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FIG. 1. Operative photograph of case #1 shows the elongated kinked 
right internal carotid artery. 


vessel. An internal shunt was used during the procedure to ensure 
adequate cerebral blood flow. The postoperative course was 
uneventful. 

Histologic review of the specimen revealed several areas of ab- 


Fic. 2. Section of abnormal 
internal carotid artery illus- 
trating virtual absence of 
elastic fibers in media of 
vessel. Verhoeff's elastic 
stain x 200. 
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normality of the vessel wall (Fig. 3). In some sections, as demon- 
strated by the Verhoeff elastic stain, there were areas devoid of 
elastic fibers, then a short transition portion, then a more normal 
portion containing many elastic fibers. 

The patient remained asymptomatic for two years when he 
again began to complain of pain in his neck. Repeat examination 
revealed recurrence of a pulsating mass in the right side of the neck. 
He was seen by the neurologist who found no evidence of neuro- 
logic disorder and believed that his complaints were functional. 
An arteriogram demonstrated that. just beyond the bifurcation. the 
internal carotid artery was again kinked, but to a lesser degree than 
before; however, there was no evidence of narrowing. Since there 
were no neurological symptoms, we elected to observe the patient 
carefully without operative treatment. 

He did well until four years later when he was admitted to the 
hospital because of frequent headaches and two syncopal epi- 
sodes. The mass in the right side of the neck appeared to have in- 
creased in size. A selective right carotid arteriogram showed severe 
kinking which had progressed from the previous study and correc- 
tion now seemed indicated (Fig. 4). At operation, the right internal 
carotid artery was found to be dilated and severely kinked (Fig. 5). 
In order to remove all of the involved portion, most of the internal 
carotid in the neck had to be excised. It was replaced with an autoge- 
nous saphenous vein graft. The segment of vein was anastomosed 
high to the internal carotid artery and to the common carotid artery 
at the normal origin of the internal carotid artery. The stump pres- 
sure at this operation was 70 mm Hg; hence there was no need for an 
internal shunt. Microscopic evaluation of the specimen showed 
some intimal sclerosis. At both ends of the resectioned segment, the 
elastic tissue had normal architecture. but sections of the midpor- 
tion revealed elastic tissue dysplasia varying from sparsity to com- 
plete absence (Fig. 6). 

The patient has remained asymptomatic and there has been no 
evidence of recurrence to date. 

Case 3. In September, 1960, an 8-year-old boy was seen in 
the Ochsner Clinic because of a pulsating mass in the right side of 
the neck. The mass had been noticed approximately one year before 
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and had progressively enlarged. It was thought to represent a 
vascular tumor. A murmur was present over the right carotid area. 
There was no evidence of neurologic deficiency. At operation, 
elongated and kinked right internal and external carotid arteries 
were discovered. The external carotid artery was excised and ligated; 
the internal carotid artery was excised, and cerebral flow reconsti- 
tuted by an end-to-end anastomosis. 

Histological examination of the excised carotid arteries showed 





Fic. 4. Selective right carotid arteriogram in A-P view demon- 
strates elongation and kinking of the right internal carotid artery. 
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Fic. 3. Section of internal 
carotid artery showing dis- 
ruption and a decrease of 
elastic tissue in the media. 
Verhoeff's elastic stain 
x 200. 


paucity of elastic tissue in the media with a loss of normal architecture 
(Fig. 7). 

The patient has remained asymptomatic to this date without evi- 
dence of recurrence. 


Discussion 


Neurological deficits as a result of tortuosity, coiling, 
and kinks of the carotid artery have been the subject of 
many reports. Kinks and loops of the internal carotid 
artery have been reported" to occur in approximately 
16% of patients who have undergone carotid arterio- 
grams for various Causes; in children the incidence is 
much lower, approximately 0.4% of those who have 
undergone carotid arteriography." However, if one 
examines the carotid arteriograms only of children 
under 15 years of age, coiling and tortuosity accounts 
for 15.7% of anomalies. The incidence in the normal 
population would probably be lower than these figures 
since the majority of people undergoing carotid arteri- 
ography have some signs and symptoms suggesting 
the need. 

Sarkari et al.!* attributed symptoms of cerebral is- 
chemia in eight children under ten years of age and one 
child of sixteen years of age to kinking of the carotid 
arteries. The clinical features consisted of generalized 
epileptic attacks in 6 cases, hemiparesis in 7 cases, 
episodes of loss of vision and hemianopsia in two cases, 
and contemporary dysphagia in one case. Angiography 
demonstrated loops and kinks on the relevant side. In 
the children who demonstrated alternating cerebral 
hemispheres as the source of symptoms, there were bi- 
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lateral loops and kinks. Surgery was not performed on 
any of these patients, but all were followed up for 
several years. Those that had permanent neurological 
deficits were mentally retarded and had to be placed in 
special institutions. Those that had convulsions con- 
tinued to do so until treated with anti-convulsant 
therapy. 

Parrish and Burns”? were the first to surgically treat 
kinking of the internal carotid artery in children. They 
reported five children with obstruction in cerebral flow 
secondary to kinking of an elongated and tortuous 
internal carotid artery. All of the children had evidence 
of either permanent neurologic deficits, convulsive dis- 
orders, or transient ischemic episodes. Four of these 
patients were operated on. In three patients the in- 
volved arteries were severed and reimplanted at a lower 
level in the common carotid artery in order to straighten 
the course of the vessel. In the remaining patient, be- 
cause of the small size of the vessel, the common caro- 
tid artery was shortened by segmental resection and 
end-to-end anastomosis. The majority of their patients 
have been followed up for a substantial period and there 
has been no recurrence of symptoms or demonstrable 
cervical masses. Angiograms of three patients 8 
months, one year, and three years after operation indi- 
cate no recurrence of elongation and kinking. 

Elongation and kinking of the internal carotid artery 
in adult patients appears to be an acquired condition as 
a result of arteriosclerosis.111315 The elongation and 
widening of the artery as a process of aging will result 
in coiling and kinking due to the fact that there is fixa- 
tion at various points. Kinking of the distal internal 
carotid has been reported? as due to adhesions in the 
upper cervical region which bind the sheath of the 
carotid artery and the adjacent tissue. particularly to 
the lateral process of the atlas. Harrison and Davalos® 
believed that tortuosity and buckling was probably 
dependent on multiple factors: limited lateral deviation 
due to the carotid sheath and external carotid artery, 
the entrance of the carotids into the cranium, the loss 
of elasticity of the arterial wall with the aging process, 
and the riding up of the aortic arch as kyphosis in- 
creases with age. They also thought that buckling of the 
internal carotid in young people was secondary to the 
developmental process in which the vascular channels 
that become the internal carotid arteries assume a wind- 
ing course. Normally, these channels straighten out as 
the vasculature matures, but if there is a different rate 


of growth between artery and skeletal system, the tor- 


tuosity may persist. Gass? believes that the cause of 
kinks and coils is embryonic and not the result of a 
pathologic process such as arteriosclerosis, hyperten- 
sion, inflammation, or accidental kinking which might 
occur during lifetime. 
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FiG. 5. Operative photograph reveals recurrence of the kinked 
internal carotid artery. The involved portion is elongated and 
dilated. 


Most articles on this subject report symptoms of 
cerebrovascular insufficiency.*9:112 Two of our pa- 
tients were completely asymptomatic and the remain- 
ing patient's neurologic symptoms were questionable 
or mild at the most. Tortuous and coiled vessels are 
frequently not associated with symptoms, but kinks are 
more apt to be because of the restricted lumen at the 
point of the acute bend. With rotation of the neck 
tortuous and coiled vessels may kink and produce 
symptoms.! 

Sarkari et al.!* believed that the origin of the loops 
IS congenital and developmental. Cairney? demon- 
strated abnormalities in the necks of fetuses ranging 
from five months gestation to full-term. Five of these 
had bilateral loops. This condition is related to embryo- 
logical development and incomplete straightening of 
the junction of the third brachial arch and the dorsal 
aortic arch as they join to form the internal carotid 
artery. The straightening occurs during fetal develop- 
ment when the heart and large vessels recede into the 
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Fic. 6. Section of internal 
carotid artery showing 
abrupt transition from nor- 
mal elastic fibers in media 
to virtual absence of elastic 
fiber. Verhoeff's elastic 
stain X 100. 





thoracic cavity. As the embryonic bends persist in 
different degrees, different kinds of undulation, loops, 
and kinks are produced. 

The surgical treatment of kinked carotid arteries 
varies depending on the anatomy and pathology. and is 
directed toward production of normal blood flow. 
Various operations have been employed and these can 
be performed with and without temporarily interrupt- 
ing the blood supply. Some methods do not necessitate 
section of the artery: suspending the carotid artery to 
the underside of the sternocleidomastoid muscle after 
straightening out the coiled segment? or transplant- 
ing a portion of the sternocleidomastoid muscle to the 
anterior belly of the digastric between the internal and 
external carotid arteries so as to change the acute kink 
to a more lazy serpentine configuration. Some methods 
do require cutting the carotid arteries: (1) excision of 
the kink with end-to-end anastomosis, (2) excision of 
the part of the artery proximal to the kink and re- 
anastomosis, (3) cutting out some or none of the in- 
ternal carotid artery and re-anastomosing it end-to-side 
to the proximal common carotid artery, (4) cutting out 
the entire bifurcation and an end-to-end anastomosis 
between the common and internal carotid artery, Or 
(5) ligation and division of the external carotid artery 
and excision of a portion of the common carotid artery 
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Fic. 7. Section of internal carotid artery showing diminution and 
abnormal architecture of elastic tissue in media. Verhoeff's elastic 
stain x 200. 
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with an end-to-end anastomosis. The surgeon must use 
his discretion as to which procedure is most applicable 
at the time of operation. 

The elongation and kinking of the carotid artery in 
the cases reported here is clearly due to a develop- 
mental abnormality in the elastic tissue which we wish 
to refer to as elastic tissue dysplasia. The dysplasia 
consists of variations in distribution, amount, and 
architecture of the elastic tissue. It is unfortunate 
that special elastic tissue stain is needed in order to 
discern elastic tissue dysplasia. Consequently, at the 
time of operation, it will not be known to the surgeon 
whether complete excision has been performed, and as 
indicated by Case 2, it is essential to excise all of 
the involved artery, or else recurrence is likely. Gross 
examination is often helpful in determining how much 
artery must be excised because the vessel involved is 
often not only elongated but also dilated. However, in 
Case 2, it was our impression, as judged by visual 
examination, that we were beyond abnormal tissue. 

Postoperatively, it is essential that the special stains 
be applied and kept as permanent sections. Should it 
be found at that time that there is incomplete excision, 
then frequent follow-up examinations are necessary be- 
fore severe kinking recurs and causes a catastrophe. 
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(Slide) Production or aggravation of strokes by operation can 
occur from multiple causes, all related to cerebral infarction from 
thrombosis, embolism. or metabolic factors. For comparison of 
results, one must classify patients into groups on the basis of neuro- 
logic status. Thus mortality will range from 0% in asymptomatics 
to 60% in acute, frank strokes. 

Selection of patients for operation is the single most important 
factor related to morbidity. Most frank strokes. and all acute and 
progressing strokes, should not be operated upon. Timing of opera- 
tion is also critical. Factors in the intra- and postoperative manage- 
ment are also pertinent. These relate to hypotension, hypertension. 
and surgical technique. 

(Slide) Finally, the technique of shunt insertion is most important. 
The plaque must be completely divided by a linear arteriotomy, 
and the shunt inserted into normal distal lumen. I do not believe 
that the risk of embolism is any different in cases with or without 
a shunt, since embolism occurs as a result of undue manipulation 
of the artery prior to arteriotomy, and is not related to the shunt. 
I personally have not seen an embolus that could be attributed to 
the use of the shunt. 

In the largest series of TIAs reported, the conclusions are: (1) 
that with stump pressures. EEG, or local anesthesia. one can use 
shunts selectively with satisfactory results, and (2) that the routine 
use of a shunt has given slightly better results than any other tech- 
nique reported so far. 

In conclusion, if a series with the shunt gives poorer results than 
a series without the shunt, I submit that we must look for factors 
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other than the shunt to explain the discrepancy, provided the shunt 
is being used in a proper technical fashion. I would like to ask Dr. 
Hairston if these patients were separated into comparable clinical 


categories, based on neurologic status prior to operation. 


Dr. WILLIAM H. EDWARDS (Nashville, Tennessee): I would like 
to limit my comments to Dr. Hairston’s presentation concerning 
the use of shunts. 

| too have utilized shunts almost routinely in all carotid endarterec- 
tomies that I have performed. 1 would wonder if technique is not 
so important that, as Dr. Thompson has indicated, it is essential the 
shunt be inserted above the point of the disease, whether it be 
stenotic or arteriosclerotic disease, whether it be atheromatous 
plaques with thrombus present within these plaques. 

Dr. Hairston did not mention the use of heparin or anticoagulants 
in their patients. It has been my practice to utilize systemic 
heparinization for some years since the utilization of a small 
shunt some years ago. At the time of its removal from the artery, it 
was thrombosed, and since that time | have used systemic heparin. 

I'd like to show two slides, if I might, and bring up a point concern- 
ing an anatomic variation which we have encountered in the last 
three to four months which is important. 

(Slide) This is an arteriogram showing the lateral percutaneous 
carotid arteriogram on your left, which appears to show complete 
internal carotid occlusion, filling of the external carotid with what 
would appear to be an ascending pharyngeal as the first posterior 
branch of this vessel. There is no evidence of intracerebral filling 
or this vessel. 

On the retrograde brachial arteriogram, shown on your right, with 
the late filling of the film, there is filling of the internal carotid high 
in the neck, which does not show too well on this film. From this we 
felt that there was patency of the internal carotid, as, indeed, it was. 

(Slide) Here is a percutaneous carotid arteriogram, again showing 
a complete occlusion of the internal carotid just distal to the bifurca- 
tion, but in this particular slide, as you can see, there is a branch of the 
internal carotid which has maintained the patency of the vessel in the 
neck. My teachings and the anatomic teachings that I have read 
indicate that there are no branches of the cervical branches of the 
carotid in the neck. This demonstrates the fact that there is. Both of 
these patients demonstrated this type of vessel. I think that we need 
to be aware of this in some patients in whom there may be complete 
carotid occlusion, as shown by arteriograms; that with four-vessel, or 
complete arch aortography, we can determine whether there might be 
patency of the vessel distal to this point. 


Dr. GEORGE JOHNSON, JR. (Chapel Hill, North Carolina): To 
follow Dr. Thompson and Dr. Edwards on the subject of carotid 
endarterectomy is like following Babe Ruth and Lou Gehrig at bat. 
The bases are now empty; the big hits have already been made. 

This paper by Dr. Hairston represents another important contribu- 
tion to the shunt/no shunt controversy in doing a carotid endarterec- 
tomy. The results do suggest that the shunt was of no value in pre- 
vention of a stroke while performing a carotid endarterectomy. | 
assume this is a nonrandomized study. If so, we cannot make firm 
conclusions. Many factors, and Dr. Thompson has already men- 
tioned some of them, such as the operating surgeon, indication for 
operation, the distal stump pressure, the status of the vertebral 
arteries, anesthesia techniques, and time elapsed since the stroke— 
influence the verdict. These authors have addressed many of these. 
However, merely showing a similar incidence of these factors in the 
two groups does not exclude their influence. 

We have used a shunt in the last 52 consecutive patients, and 
have no operative mortality, and one minor, transient ischemic 
attack in a patient who was inadvertently not given heparin. I 
do not believe we need a shunt in the great majority of patients, 
but when used appropriately, it is without complications, and when 
really needed it can be used with expertise; the same emphasis that 
Dr. Edwards made. 

Perhaps it can be shown that it is never needed; at that time we 
should discard it altogether. Although I question the conclusions 
of the authors, the contribution of this large series is important. 
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Dr. ALTON OCHSNER, JR. (New Orleans, Louisiana): First of all, 
in spite of the title, let me point out that they did not deal with the 
most common neurological complications of carotid endarterectomy, 
and I refer, of course, to the interference with the carotid sinus 
nerve reflex, which can give hypertension, usually transient, and the 
disturbance we get in the innervation of the pharynx and the vocal 
chords, the true incidence of which I’m sure none of us would 
like to prove. 

But what they did deal with was the most important neurological 
deficit, or problem, and that is, of course, the postoperative stroke. 
They tried to determine whether shunts—intravascular shunts — 
would prevent this. It, obviously, is a most important subject, with 
some medicolegal implications, particularly when you have fine 
surgeons with the experience of Dr. Thompson recommending 
this as being used almost routinely. 

The study presented certainly makes a strong case that a shunt may 
not be necessary. It does suggest, however, that a shunt might be 
dangerous, and I am not sure that this is a fair conclusion. 

This study represents accumulated results, I gather, of many 
surgeons, and may be weighed favorably towards the nonshunters, 
because it's likely that shunts were most frequently used by least 
experienced vascular surgeons, who also would probably be the ones 
to do the poorest job of endarterectomy. 

However, to strengthen the conclusion that at least routine shunt- 
ing is not an answer to the postoperative stroke problem, I will 
briefly present an experience of one surgeon. [n a series of 527 
carotic operations of all types in which there was occlusion of the 
blood flow, a shunt was utilized only 8 times. 

Now, the use of the shunt is considered for the following condi- 
tions: when there is occlusion of the contralateral internal carotid 
artery, when there is à suggestion of anterior bifurcation or fetal 
trifurcation on the cerebral angiogram, and when putting in a patch. 
The shunt may not be used, however, under these conditions, if at 
operation there is à vigorous backflow from the internal carotid 
artery, or if there is difficulty in getting the shunt in. 

In these few shunted cases there were no permanent problems. 
One patient in whom it was thought that a shunt should have been 
used — but there was great difficulty in inserting it, so it was aban- 
doned— there was transient weakness of the arm on the opposite 
side. 

Now, the rest of the series represents nonshunted cases, with 
occlusion times of three to 28 minutes, average of 11 minutes. In this 
series there were four deaths. Two of these were cardiac, one was 
from cerebral hemorrhage, and the other was believed to be from 
cerebral hemorrhage occurring a week after an acutely occluded post- 
operative thrombus was removed from the neck, but there was no 
autopsy. I doubt that any of these deaths could have been pre- 
vented by the use of a shunt. 

There were only three people who suffered permanent neurological 
deficit in this group, and all of these were the result of postoperative 
thrombosis of the carotid artery in the neck. And I doubt if these 
could have been prevented by a shunt. 

There were at least two patients who had developed transient 
neurological deficits suggestive of emboli. This occurred post- 
operatively, however, and I doubt if these could have been pre- 
vented by a shunt. 

The causes of postoperative stroke, of course, are a result of (1) 
general cerebral ischemia, with or without a primary thrombosis. 
cerebral emboli, thrombosis of carotid vessels, and cerebral 
hemorrhage. And I believe that only in the prevention of cerebral 
ischemia will a shunt be helpful. There may be a selective use for 
the shunt, but in general I think that most of these operations can 
be done safely without a shunt. 

May I just make one remark about John's case? This is a very 
interesting presentation, because if it were not for the surgeons 
operating upon the carotid artery, we'd never learn anything about 
the pathology of this area, because the pathologists guard this 
area very jealously for the undertaker. 

I have not had a chance to read John's paper, but in his abstract 
he infers that this is different from the kinking in the adult, inferring 
that the latter is due to atherosclerosis. l'm not sure that this is the 
case. In the adult where you have the redundancy, you may or may 
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not have atherosclerosis, and very frequently you have no evidence 
of atherosclerotic plaques. And it's always been my impression. 
although I have never seen this demonstrated yet, that this also is 
due to elastic tissue dysplasia. These vessels lack resiliency. 
They pull apart with the least bit of tension. I would like to know, 
John, if your pathologists can assure you that this is a different 
condition in the children than it is in the adults. 


Dr. DANIEL B. NUNN (Jacksonville, Florida): My remarks are 
directed to the paper presented by Dr. Prioleau and his associates. 

The results of this Study are certainly interesting, but contra- 
dictory to those previously reported in the literature. Since the 
results in this type of study are obviously dependent upon the ac- 
curate selection of clinical material, I share the concern of the previ- 
ous discussants with respect to the type of cases included in this 
study. In my own judgment, all patients in a study of this type should 
be asymptomatic at the time of operation, have significant arterio- 
graphic findings (preferably limited to the operated side), and, quite 
naturally, undergo the same type of surgical procedure with the ex- 
ception of the two factors under consideration. 

It should be pointed out that cerebral embolization can occur 
during carotid endarterectomy irrespective of whether or not a 
shunt is employed. Embolization in this type of surgery is caused 
by palpation and dissection in the area of disease prior to cross clamp- 
ing, residual tissue fragments at the site of endarterectomy, and 
distal intimal dissection. 

Also, it should be noted that the purpose of a shunt tube is not 
only to eliminate the danger of cerebral ischemia as a result of carotid 
occlusion but also to decrease the danger of operative and post- 
operative embolization and thrombosis by allowing for an unhurried 
and more precise endarterectomy. 

Finally, I wish to emphasize again that shunting has been shown 
to be an extremely effective means of providing cerebral support 
during carotid endarterectomy. One need only witness the excellent 
results reported by Dr. Jesse Thompson. Without question, it fol- 
lows that the shunt must be handled in a proper manner and in 
experienced hands this is N.B.D., no big deal. 


DR. HENRY T. BAHNSON (Pittsburgh, Pennsylvania): Dr. Jesse 
Thompson has already mentioned the subject that I want to say a 
word about; namely, local anesthesia. If one is not going to use a 
shunt, I feel that you should use this, or some means of knowing 
where you stand. 

Dr. Spencer and I presented a paper at this organization in the 
early days of carotid endarterectomy, and one of the principles that 
we emphasized was the use of local anesthesia. I feel a little ridiculus 
in mentioning this, since virtually everyone in the world has aban- 
doned this technique. 

There are several advantages. It's a nice incentive to delicacy, 
and there's no operation, | believe, where one has more need for 
delicacy than this. 

Dr. Hairston, I would mention that it's a very valuable guide to 
let you know when trouble happens. We have had strokes when we 
have used local anesthesia, but we have been able to identify quite 
clearly that they occur at the time we have injudiciously manipulated 
a carotid artery that had thrombus in it, rather than a simple plaque; 
or the stroke has occurred in the postoperative period, when the 
patient either becomes hypo- or hypertensive. It's very comforting 
to have the patient talk to you, or count, or have some way to let you 
know that his cerebral circulation is not being embarrassed. 


DR. WILLIAM H. PRIOLEAU, JR. (Closing discussion): We appre- 
ciated the comments of the discussers, especially Dr. Thompson, 
and we think many of the points made were appropriate. 
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We believe, as Dr. Thompson stated, that the shunt when not 
properly employed can be a cause of neurologic deficit. We empha- 
sized on the slide in which we had the occlusion times that most 
of the strokes occurred when there was an occlusion time of only 
one minute. This points out the fact that the shunt can be a source of 
trouble if it is not properly employed, as one minute of occlusion 
would probably not cause ischemic brain damage. 

Our survey may be taken in perspective with other studies to 
show the importance of experience in using the shunt. In the survey 
of the Charleston area the surgeon who had the greatest experience 
with the shunt had an incidence of neurologic deficit which was 
much less than the average of 9%. It was closer to 5 or 6%. The re- 
maining shunted cases in this survey involved surgeons who had 
fewer cases and their complication rate was considerably higher. 

Now, if you extend this spectrum in the other direction. you get 
into a larger series, such as that of Dr. Nunn which was recently 
published, and he has a lower incidence of trouble with the shunt. 

Finally, one gets to Dr. Thompson's series of over 1.000 and there 
is a complication rate that is less than 1%. 

Another criticism mentioned was patient selection. These cases 
were carefully analyzed by a neurologist. In standardizing the series 
for a comparison of shunted and nonshunted cases, those who had 
had a recent persistent neurologic deficit were weeded out, along 
with those cases in which there was some obvious complication 
with conduct of the operation. 

Heparin was used virtually in all these patients. They were all 
done under general anesthesia. The survey involved 15 Board- 
certified surgeons. 

The fact remains that there was a lower complication rate 
with nonshunted cases in this survey of a community practice. 
The carotid occlusion times were very short in most cases that 
developed a neurologic deficit. This indicates that the use of a shunt 
constitutes a procedure which may be associated with complications. 
Continuing efforts should be made to determine if and when the 
use of a shunt is really necessary. 


DR. JOHN L. OCHSNER (Closing discussion): In answer to the one 
question directed to our paper, I didn't want to imply that there 
are only two causes of elongation which results in either tortuosity 
or coiling or kinking of the carotid artery. There's no doubt that 
arteriosclerosis is a cause, since it does destroy elastic tissue; hence. 
the reason for an aneurysm. And in the adult there are other reasons. 
Some of these people may have destroyed elastic tissue from an 
autoimmune disease or some infectious process. 

It's also been suggested that kinking or coiling can occur from a 
differential in growth of the skeletal and the vascular systems in the 
fetus, since in the fetus the carotids are normally coiled, and should 
the skeletal system grow not as rapidly as the vascular system, 
there will be persistence in the coiling. There are also some bands 
that can hold down the vessel, and hence the coiling will result 
with a kinking. 

But in these three particular cases there was no coiling; there 
was no tortuosity. There was a pure kinking effect in the area. and 
this area was devoid of elastic tissue, and we know this, because the 
one case that there wasn't complete excision, there was recurrence. 
Any time you can stretch a vessel long enough, or far enough, you 
will destroy elastic tissue; and there is reason to believe that you 
could have some injury to a vessel to elongate it, and hence set up 
a situation in which there is disruption of the elastic tissue, and 
eventual kinking. But in these three cases we're pretty well con- 
vinced that it's a congenital abnormality, the dysplasia of the elastic 
tissue itself. 
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Over a four year period in two institutions, 85 Kim-Ray 
Greenfield vena caval filters were inserted in 76 patients who 
have been followed for a minimum of 6 to 53 months. The 
most frequent indication for placement was pulmonary 
embolism during anticoagulant therapy. Both femoral and 
jugular routes were used for transvenous insertion, and fewer 
complications were associated with the jugular approach. 
Surgical mortality within two weeks of operation occurred in 
three patients (4%), none from recurrent embolism. Late 
complications included recurrent thrombophlebitis in 7% and 
persistent extremity edema in 12% of patients. Two patients 
developed recurrent embolism (2.6%) which also was seen in 
2 patients after clips were placed on the vena cava above the 
filter after misplacement. Venacavagrams in 31 patients an 
average of 11 months postoperative showed patency in 30 
(97%) and lysis of trapped thrombi in four patients. No 
episodes of migration have occurred and the filter offers the 
advantages of sustained patency and effective filtration without 
vena caval occlusion. 


REVENTION OF PULMONARY embolism by trans- 
P venous insertion of a prosthesis into the inferior 
vena cava offers the advantages of minimal morbidity 
and mortality rates, hospital stay, and patient cost. 
This procedure as opposed to direct approaches to the 
vena cava was reserved originally for patients who 
could not tolerate general anesthesia but now should 
be considered for all patients who have a valid 
indication for mechanical protection against pulmonary 
emboli. Surgical ingenuity has produced a variety of 
devices to serve this purpose, the most popular of 
which has been the Mobin-Uddin umbrella. In an 
effort to avoid some of the problems associated with 
this prosthesis, we designed a filter to provide effective 
trapping of emboli without producing vena caval 
occlusion or threat of migration.? This report reviews 
our clinical experience over the four year period from 
1972 to 1976. 


BEENDEN n 


Presented at the Annual Meeting of the Southern Surgical 
Association, December 5-8, 1976, Palm Beach, Florida. 

* U. S. Pat. No. 3952747 

Submitted for publication December 10, 1976. 


692 


From the Departments of Surgery of the University of 
Oklahoma Health Science Center, Oklahoma City, 
Oklahoma and the Medical College of Virginia, 
Virginia Commonwealth University, 

Richmond, Virginia 


a ————_—_—_——— 


Patients and Methods 


Eighty-five filters were inserted in 76 patients: 29 
at the University of Oklahoma Health Science Center, 
Oklahoma City, Oklahoma; 9 at the Great Plains 
Surgical Clinic, Lawton, Oklahoma; and 38 at the 
Medical College of Virginia, Virginia Commonwealth 
University, Richmond, Virginia. The patients ranged in 
age from 15-85 years with an average of 54 years, and 
included 28 females and 48 males. They have been 
followed for a minimum of 6 months to a maximum of 53 
months from the time of insertion. Follow-up 
information was obtained by personal examination in 
the majority of cases and by telephone communication 
with patient or referring physician where necessary. 
Patients who died were subjected to autopsy €x- 
amination of the pulmonary vascular bed as well as 
the filter which was exposed and photographed in situ 
after removal of the entire vena cava and iliac veins. 
Where autopsy was not permitted, review of the events 
prior to death was made to determine the possibility 
of recurrent embolization and post-mortem radio- 
graphic examination of the abdomen performed to 
confirm the position of the filter. 

Any complication or death occurring within two 
weeks of surgery was presumed to be of a surgical 
nature. Patients who were anticoagulated prior to 
operation were administered heparin 12 hours after 
operation and maintained on oral anticoagulants for a 
period of four months. Follow-up venacavagrams were 
obtained by injection of contrast medium via catheter 
positioned in the lower vena Cava. These were obtained 
in cooperating patients at one month, 6 months, and 
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TABLE 1. Indications for Kim-Ray Greenfield Filter Placement 
in 76 Patients from 1972 to 1976 


ee 


Percent 

Contraindication to anticoagulation 19 23 
Complication of anticoagulation 13 16 
Prophylaxis 9 H1 
Recurrent embolism on anticoagulants 31 38 
Following pulmonary embolectomy 7 8 
More than one indication 1 4 

82 100 


then yearly following operation. Peripheral venograms 
and additional Venacavagrams were obtained where 
indicated clinically. 

Extremities were evaluated by measurement of 
circumferences and edema was considered to be sig- 
nificant it it produced discomfort, required wearing 
of elastic stockings, or the administration of diuretic 
agents. The diagnosis of pulmonary embolism was 
made by pulmonary angiography and measurement of 
pulmonary arterial pressure to permit classification of 
the disease as described previously. Lung photo- 
scanning also was obtained and used to follow 
resolution of the emboli. Lung scans also were used 
for screening of patients with pulmonary complaints 
during follow-up examination recognizing their limita- 
tion in terms of specificity but also their value in terms 
of sensitivity. The appearance of a new perfusion 
defect of segmental size or larger in comparison 
with previous scans was considered to be strongly 
suggestive of recurrent embolism. 

The technique of insertion has been described? and 
employs a catheter-carrier inserted usually via the 
jugular vein. Contrast medium can be injected through 
the catheter for verification of proximity to the renal 
veins. Insertion via the femoral vein was employed in 
conjunction with catheter pulmonary embolectomy and 
occasionally for other technical reasons. [n each 
instance the vein was repaired by vascular suture to 
minimize stenosis at the point of repair. 


Results 


The most frequent indication for filter placement was 
recurrent embolism during anticoagulant therapy 
which occurred in 3] patients (38% of indications. 
Table 1). Second in frequency was a contraindication 
to anticoagulation which existed in 19 patients (23%) 
followed by a complication of anticoagulation in 13 
patients (15%). Fewer filters were inserted prophy- 
lactically, following pulmonary embolectomy, or for 
more than one indication. Prophylactic insertion in the 
absence of pulmonary embolism was felt to be justified 
only for a free floating thrombus above the level of 
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TABLE 2. C oexisting Disorders in 76 Patients Receiving Kim-Ray 
Greenfield Filters from 1972 to 1976 


M NM NM 


Patients * Percent* 
Clinical deep venous thrombosis 24 32 
Postoperative or postpartum l 1 14 
Trauma 10 13 
Malignancy 1] 14 
Cardiac disease 9 12 
Obesity 8 1] 
Arterial vascular disease 7 9 
Gastrointestinal disease 7 9 
Psychiatric disorder or alcoholism 4 5 
Central nervous system disease 4 5 
Pulmonary hypertension 3 E 
Hypercoagulation state 2 3 


* More than one disorder diagnosed in some patients. 


the groin in a patient who could not be anticoagulated 
due to associated disease or who was scheduled for a 
major operative procedure. 

Coexisting deep venous thrombosis was evident 
clinically in 24 patients (32%, Table 2). Predisposing 
factors included malignancy, postoperative state. car- 
diac disease, obesity, and others as shown in Table 2. 

The femoral route for insertion of the filter was used 
in 30 patients (39%), primarily because it was the 
only technique available until late 1974 and afterwards 
only in conjunction with catheter embolectomy or after 
failure or contraindication to jugular insertion (three 
patients). Early technical difficulty maneuvering the 
catheter-inserter out of the pelvis required placement 
of two filters, one in each iliac vein in 6 patients and 
one in the iliac vein and IVC in one patient as 
previously reported,’ Table 3. In two patients, the 
catheter inserter could not be passed into the superior 
vena Cava necessitating a femoral approach and in one 
additional patient, the left jugular vein was used 
successfully. Venous perforation by the femoral 


TABLE 3. Operative Mortality and Morbidity Following 
Filter Insertion in 76 Patients 


sie HMM MM 


Jugular Femoral Percent 

Mortality within 2 weeks l 2 4 
Failure to pass catheter 

into IVC 2 6 11 
Misplacement: 

cardiac l l 

suprahepatic l l 

renal 3 4 

iliac 2 Fi 12 
Hemorrhage: 

retroperitoneal ] 0 l 

wound l 3 2 


Venous perforation 
by catheter 0 2 3 
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TABLE 4. Late Mortality and Morbidity Following Filter 
Insertion in 76 Patients 


Patients Percent 
a ae 

Retroperitoneal hemorrhage l l3 
Recurrent thrombophlebitis 4 VN. 
Extremity edema 9 11.8 
Suspected recurrent embolism 2 2.6 
Migration of the filter 0 0 

Mortality 13 17.1 


Bondi MM ne 


catheter-inserter, occurred in two patients, one below 
and one above the inguinal ligament. In neither patient 
was additional surgery required nor were adverse 
sequelae observed. 

Misplacement occurred also via the jugular ap- 
proach. It was due to premature ejection of the filter 
in two cases, one lodging in the right atrium and one in 
the suprahepatic vena cava. Operative removal was 
required only for the intracardiac filter. There were 
5 misplacements due to errors of position under 
fluoroscopy, three in the right renal vein and two at the 
bifurcation of the IVC with one or more of the struts of 
the filter placed into the right iliac vein. There were 
no direct adverse sequelae to these placements, but in 
one patient concern for adequate filtration led to 
operative placement of a clip on the vena cava above 
the filter and there was postoperative recurrent 
pulmonary embolism. In another patient whose filter 
was placed in the right common iliac vein in the 
face of left iliofemoral thrombi, recurrent embolism 
was documented and required placement of additional 
filters in the IVC and a large ovarian vein. 

Retroperitoneal hemorrhage was suspected in one 
patient postoperatively because of fall in hematocrit 
after heparin administration. Wound hematomas were 
noted in one neck and three groin wounds. Only the 
groin wounds required open evacuation and each 
hematoma followed anticoagulation of the patient. 
Late retroperitoneal hemorrhage occurred in one 
patient three weeks postoperative following excessive 
prolongation of prothrombin time (Table 4). Recurrent 
thrombophlebitis occurred in 5 patients (776) most of 
whom were not on anticoagulants at the time or had 


TABLE 5. Results of Venacavagrams Obtained after 
Filter Insertion 
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Percent 
ares 
Patients Studied 31 40.7 

Total Studies 44 

Months Postoperative (average) 127 E11) 
Trapped thrombi 4 12.9 
Clearing of trapped thrombi J i 
Occlusion of IVC l Due 
Patency documented 30 96.8 
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a contraindication to anticoagulation. Late edema of 
significance as defined earlier was seen in 9 patients 
(12%) usually in those patients who had the most 
extensive preoperative thrombophlebitis. 

Recurrent thromboembolism was suspected in two 
patients on the basis of symptoms for an incidence of 
2.6%, but only one of them had a significant alteration 
in perfusion lung scan. As mentioned previously two 
patients underwent reoperation for placement of a vena 
caval clip after misplacement of the filter and each of 
them sustained a postoperative pulmonary embolism as 
demonstrated by a new perfusion defect on lung scan. 
Migration of the filters was not observed. 

Operative mortality within two weeks of operation 
occurred in three patients for a mortality rate of 446. 
There were 13 deaths overall which occurred at 
intervals of two days to 16 months postoperative for 
a mortality rate of 17.1%. Autopsies were obtained in 
& of them and showed no evidence of recent or 
recurrent embolism. The patient who died two days 
after operation was found in fact not to have had 
pulmonary embolism. The other deaths were due to 
underlying cardiac, neoplastic, hepatic, renal, or 
neurological diseases. Eight patients were lost to 
follow-up. 

Postoperative venacavagrams have been obtained at 
intervals of 1-27 months (Table 5). A total of 44 
studies in 31 patients were obtained at an average 
interval of 11 months after filter insertion. Four patients 
demonstrated trapped thrombi and patent vena cavas at 
the time of initial venacavagram (Fig. 1). Three of them 
have been restudied and each of them showed resolu- 
tion of the trapped thrombus (Fig. 2). Only one patient 
has shown occlusion of the vena cava and this was 
suspected by evidence on plain abdominal radiograph 
of contraction of the limbs of the filter as reported 
previously.? Documentation of patency then was found 
in 30 of 31 patients for a late patency rate of 97%. It 
is not uncommon to see tenting of the wall of the elastic 
vena cava by one or more struts of the filter outside the 
apparent contrast limits of the vena cava. On the basis 
of experimental and autopsy examination, this does not 
indicate perforation of the wall but instead an enfolding 
of the strut by the stretched vena cava wall. 


Discussion 


Improvements in the management of patients with 
deep venous thrombosis and pulmonary embolism 
using anticoagulant therapy have reduced the need for 
mechanical interruption of the inferior vena cava 
However, anticoagulation alone carries a mortality rate 
of 5-12% and significant numbers of patients 
continue to sustain recurrent thromboembolism on 
adequate anticoagulant therapy or develop a serious 
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Fic. 1. Contrast venacavagram in a 34-year old female showing an 
embolus trapped within the filter (arrow). Free flow of blood around 
the embolus is well demonstrated and no collateral veins are seen. 


complication of anticoagulation. In addition, many 
patients cannot be anticoagulated because of associ- 
ated medical, surgical, or psychological disorders. In 
these patients there is a clear need for mechanical 
protection against thromboembolism provided that the 
procedure does not add significant morbidity or the 
risk of death. 

Dissatisfaction with the results of vena caval liga- 
tion led to techniques of partitioning the cava to 
preserve flow. However, all of the devices designed 
for external compression of the cava required a general 
anesthetic and operative placement. A major con- 
ceptual advance was made by Eichelter and Schenk? in 
1968 who advocated a transvenous approach by 
catheter device under local anesthesia. This catheter 
and the Moser balloon? were designed for temporary 
protection and later removal, but concern for the fate 
of trapped thrombi at the time of removal led to the 
next improvement. This was the transvenous implanta- 
tion of a device for permanent caval narrowing (Pate 
clip),? for total occlusion of blood flow (Hunter 
balloon)* or for more gradual occlusion of blood flow by 
an umbrella device (Mobin-Uddin).!? The latter device 
has had widespread application" with generally 
favorable results so that the indications for placement 
were extended beyond only the more critically ill 
patients. 

The most serious complication of the Mobin-Uddin 
umbrella has been migration which was documented 
in 20 patients receiving the original 23 mm diameter 
unit." Because of this, the diameter was increased 
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to 28 mm, but of the 234 patients receiving the larger 
device there have been two additional episodes of 
migration. It seems likely that the explanation for the 
migration after what appears to be adequate fixation 
is due to distention of the vein by distal embolus which 
distracts the caval wall freeing the device from its 
attachment (Fig. 3). The consequences of migration 
have been very serious with death in 14 of the 22 
patients. An additional 20 patients were reported to 
show partial dislodgement and in 6 of them a larger 
umbrella was inserted above the previous one. Other 
patients had surgical interruption of the vena cava 
above the device. Additional complications reported 
include misplacement. retroperitoneal hemorrhage, 
perforation of the duodenum and ureter, and 
propagation of thrombus proximal to the umbrella with 
recurrent emboli.!! The latter complication is thought 
to result from turbulent flow, stasis. and the irregular 
surfaces on the proximal side of the umbrella requiring 
prolonged anticoagulation.* As a consequence of the 
tendency of the umbrella to thrombose, caval patency 
has usually been lost and approximately 67% of 
patients show occlusion on re-examination.” An effort 
has been made to reduce this by heparin bonding of the 
surface of the umbrella, but even when patent, pressure 
gradients as high as 20 mmHg have been measured 
below it.! 

In an effort to avoid these problems, and to design 
a filter which could be inserted at the time of 
catheter pulmonary embolectomy via the femoral vein. 





Fic. 2. Follow-up venacavagram obtained 6 months after initial 
demonstration of an embolus trapped in the filter (Fig. 1). 
Complete resolution of the embolus has occurred and free flow of 
contrast medium is seen within the vena cava. 
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Fic. 3. Schematic illustration of the effects of a large embolus in 
the inferior vena cava tending to distend its walls after contact with a 
prosthesis. On the left. the Mobin-Uddin umbrella can be freed from 
its attachments permitting angulation and passage of the embolus or 
actual migration of both prosthesis and embolus. On the right the 
Kim-Ray Greenfield filter is embedded more securely by capture ofa 
large embolus avoiding the possibility of migration by the "'fish- 
hook'' principle. 


a cone-shaped stainless steel device was selected to 
permit entrapment of emboli without eliminating flow." 
The geometry of the cone allows filling of 80% of its 
depth before the cross-sectional area is reduced by 
64% which would be required to produce a pressure 
gradient. The filter is made of corrosion-resistant 
stainless steel struts fitted at an angle of 35° to an 
apical hub and is 46 mm in length and 30 mm at maximal 
open diameter at the base." Spacing between the struts 
ranges from two mm at the apex to approximately 6 mm 
at the base after insertion, but the principle of axial 
flow tends to direct a small moving embolus into the 
apex of the cone insuring that emboli larger than 3 mm 
will be trapped effectively. Fixation occurs by the 
recurved hooks which grasp the wall of the vena cava 
usually without full thickness penetration. This **fish- 
hook'" principle prevents proximal migration and 
becomes even more secure with capture of a large 
embolus distending the vena cava (Fig. 3). 

Now that the transvenous methods of mechanical pro- 
tection against pulmonary embolism have been 
established as safer and equally effective as more 
major surgical procedures, the standards should be 
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elevated to include reduction in associated morbidity. 
It seems clear that preservation of vena caval blood flow 
allows the optimal physiological recovery of function 
of the venous system after thrombophlebitis. However, 
the filter does not treat the underlying disorder and the 
need for continued anticoagulation must be established 
for each individual patient. The additional benefit of 
preserved flow around a trapped embolus has been 
well demonstrated in this series by lysis of the thrombus 
on repeat venography and was predicted from experi- 
mental studies.? The problems of misplacement and 
premature discharge should improve with additional 
experience although any indirect placement under 
fluoroscopy will be subject to some errors of 
positioning. The ability to inject contrast medium 
through the catheter inserter as described should help 
to minimize this difficulty. The incidence of recurrent 
embolism after filter placement is comparable to other 
series and will probably remain in the 2-396 
range subject to the variables of anticoagulation. The 
operative mortality rate of 4% compares favorably with 
the rate of 16% reported by Mobin-Uddin et al.” 
and the mortality rate of 12% associated with anti- 
coagulation alone.^ However, the most important 
advantage of the Kim-Ray Greenfield filter appears to 
be its ability to remain patent even after trapping emboli 
so that placement at higher levels in the vena cava may 
well be possible to provide filtration of the gonadal 
veins as well. 
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DISCUSSION 


DR. WALTER WOLFE (Durham, North Carolina): This paper 
should remind us, or at least bring back to memory, that 
there are probably over 200,000 documented cases of pulmonary 
emboli a year, and should highlight for us the significance of this 
problem. 

Dr. Greenfield has presented here an improvement that is 
significant, I think, in that this occlusive device has apparently 
reduced the incidence of migration and catastrophic dislodgement 
which has plagued similar devices. This important point, I believe, 
needs to be stressed, and the many complications of the previous 
devices are well know; and he has pointed this out very well. 

We also agree that interruption of the vena cava should be done 
only with strict indications: that IS, in patients with proven 
recurrent emboli on adequate anticoagulation and patients where 
anticoagulation is not possible. 

At Duke we have reviewed a thousand cases consecutively of 
proven pulmonary embolism. 729 of these were diagnosed and 
treated. They were all treated with heparin. We had a 2% 
mortality in this group. We had 79; major complication from 
heparin, and in two patients we believe the death was contributed 
to by the heparin therapy. 

Over the past 10 years we have used caval 
only in approximately two patients per year. 

I have a question for Dr. Greenfield. I'd like him to elaborate on 
the total patient population this group came from. I wonder if he might 
comment some more on the significance of the extremity edema. 
Deep venous thrombosis is a major cause of emboli. However, many 
times it's clinically not noticeable. However, once caval interruption 
is undertaken, extremity edema becomes a problem. 

I'm wondering why anticoagulation was continued in one group, 
and if you might elaborate on that. 

I'm still concerned about recurrent emboli through filters, and 
I'm also concerned about migration, in spite of his results. 

In summary, we feel pulmonary embolism should be managed by 
surgeons, but, basically, nonoperatively. And I stress the need for 
early, objective diagnosis and adequate heparin therapy. 


interruption 


DR. CHARLES H. WRAY (Augusta, Georgia): (Slide) One of the 
questions that Dr. Greenfield's paper raises in our minds is: Are 
we selecting patients properly for caval interruption? After Dr. 
Wolfe's comments, these may be slightly redundant. Drs. Silver and 
Sabiston found that 5% of their patients died, and 5% required caval 
ligation. Probably more than 90% of patients can be treated with 
heparin alone. 

The patients that die frequently succumb before therapy can be 
instituted on an adequate basis. 

The patients that Dr. Greenfield reports and our patients include 
a large number of patients with contraindications to anticoagulant 
therapy. However, the more carefully we have studied patients 
with suspected recurrent embolism, the more we have rejected 
patients for caval interruption. 

In 1972, when we reviewed these venograms in patients who had 
had therapeutic application of the Moretz clip, we found that 
approximately 2096 showed either total or partial occlusion at the clip 
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site. These, in fact, are the patients that needed a clip because of 
an embolus after clip application. 

Dr. Greenfield has demonstrated approximately 13% defects at 
his filter site. While this denotes a lack of thrombogenic effect of 
the device, the information also suggests that he like we, is not 
very good in selecting patients who will, in fact. have a subsequent 
embolus, since 80 to 90% of patients do not have evidence of clot 
entrapment, and in this sense did not need caval interruption. 

My question, then, is: How can we improve our selection of 
patients for caval interruption? 

In an opposite direction, however. while we are convinced of the 
infrequency of need of caval interruption in the therapeutic sense, we 
are convinced that there is a need for prevention of pulmonary 
embolism in certain high-risk patients. All students of this 
disease process are aware that sudden death from pulmonary 
embolism before treatment can be instituted is one of our largest 
challenges. 

One of the reasons why caval interruption has not been used 
more frequently in a prophylactic sense relates to thrombosis at 
the site of interruption, with subsequent leg edema and ulceration. 
I believe that Dr. Greenfield had presented adequate evidence that 
his device does not cause thrombosis, and also that his device 
would meet some of these ideal criteria: Prevent passage of harmful 
emboli to lungs; simple, safe application; cause no thrombosis at site 
of interruption; maintain normal venous hemodynamics: maintain 
effectiveness throughout life of patient. 

We have hesitated in certain high-risk patients to make separate 
incisions to place a clip; for instance, in a patient with a hip 
fracture. Dr. Greenfield has demonstrated an excellent patency rate 
for his device, and if the technical details that cause misplacement 
are solved, then his technique would be applicable to a wide 
variety of high-risk patients. 

(Slide) We are continuing to study caval interruption at the time 
of other abdominal surgery in high-risk patients. These are the 50 
patients that were presented last year at this meeting. We now 
have approximately 150 high-risk patients with two late, nonfatal 
pulmonary emboli. The clip can be simply applied in the proper 
place. While we know that this is not harmful to patients, we do not 
know yet that it's particularly helpful. 

I would like to ask Dr. Greenfield what he sees in the future 
for prophylactic insertion of his filter. 


DR. ROBERT M. MILES (Memphis, Tennessee): Many devices for 
preventing pulmonary embolism have come down the pike in the past 
20 years. Each has his own favorite, and I think each developer of 
such devices becomes proficient in the utilization of his particular 
device, and probably gets better results than others who might try to 
use it. 

We prefer clipping, as you know, for several reasons. It's a direct 
procedure, which enables its precise application. In addition to that, 
our experience has been satisfactory over a period of 14 years. The 
recurrent embolus rate in our hands is about 5% the disabling stasis 
Sequelae rate is about 8%, and the mortality rate is about 10%. 
We feel that filters have a place, and that their chief advantage is that 
they can be applied under local anesthesia in the very critically ill 
patient. 
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The 12% misplacement rate is a little disturbing. If it is to be 
used in this very critically ill patient, it should be practically 
foolproof, because the surgery necessary for the removal of one of 
these devices from the heart or the hepatic vein, or some place like 
that, negates its real advantage. 

We have used a few Mobin-Uddin filters, but the results haven't 
been too good, probably because we have used them only in the 
very critically ill patient that, in our opinion, might not survive 
vena caval clipping. This brings me to the main point, and that is 
that most of these patients are not critically ill to begin with, but 
diagnostic delay and persistence in treatment with anticoagulants 
have permitted recurrent embolism and progression of the disease to 
a critical degree. If these patients were promptly clipped or ligated, 
there would seem to be little need for a modality such as this. 


Dn. LAZAR J. GREENFIELD (Closing discussion): I think that at the 
present time we are in an era where we are challenged to provide 
adequate protection for the patient, and at the same time provide the 
patient with minimal morbidity as a consequence of the procedure. 

Dr. Wolfe’s experience has been very favorable, but in the 
published series from Duke last year by Silver and Sabiston there 
was. in fact, a 12% mortality rate over all from patients managed on 
heparin, and in that reported experience 5% of them were thought to 
have died from recurrent embolism. I think it points out the fact 
that there is a persistent problem in relying upon anticoagulation 
alone. It’s clearly a challenge to us to find the appropriate indications 
and balance between use of anticoagulation and a mechanical device 
to protect the patients. 

Certainly in our own hospital the complication rate with heparin 
anticoagulation has been high, somewhere in the range of 30 to 40%. 
However, we still rely upon heparin as our first line of defense, and 
utilize it in the management of our patients. 

In terms of the total population that we see, these patients 
represent a very small fraction of the population with pulmonary 
embolism. The patients are on medical as well as surgical services 
within the hospital, and most of them are treated effectively 
by anticoagulants alone. 

In terms of extremity edema, we defined this on the basis of any 


persistent problem for the patient which required either the wearing 
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of elastic stockings or diuretic therapy, and we utilized these criteria 
to define the complication rate reported. 

In terms of the need for continued anticoagulation in these patients, 
I think this brings up a very important point; and that is that we 
are not treating the underlying thrombotic problem in these patients 
by inserting a filter. They need to be maintained on anticoagulants for 
the underlying disorder. Every patient who has an indication for 
anticoagulant treatment and can tolerate anticoagulants is in fact 
maintained on them, generally for a minimum of three to four months, 
to try to minimize some of the late complications with deep venous 
thrombosis. 

Dr. Wray’s comments in terms of selection of patients and whether 
or not it is appropriate on the basis of vena cavagrams is, I think, 
asking too much of the vena cavagrams. They are obtained at six- 
month intervals in our patients. I think there's really no way to know 
how many emboli have been trapped during that interval and whether 
or not the filters are, on that basis, doing the job that they are supposed 
to do. We simply don't have the ability to measure the migration of 
small emboli, and not much more information regarding the migration 
of large emboli. 

In terms of the future for prophylactic insertion, it’s interesting that 
because of our favorable experience there is considerable pressure 
on us from all services in the hospital to put filters in patients for 
indications that we do not accept at the present time; that is, the 
demonstration of major free-floating thrombi. Whether or not this will 
represent a valid indication in the future remains to be proved. I feel, 
personally, that we should continue to be strict in our indications 
for placement, and not relax them until we have more experience. 

Dr. Miles’ experience has been favorable. In terms of the concern 
that he expressed about misplacement in the critically ill patient, 
these misplacements have not been ignored. In most instances a 
second filter has been placed, if the first one was misplaced, so that 
the patient would be guaranteed of protection. 

These critically ill patients are, of course, our major concern, and | 
think the logic is hard to defend of continuing to subject patients to à 
major operative procedure and prolonged hospitalization, in order to 
protect them from recurrent embolization. Clearly, we have a 
technique available now which can provide the patient with ef- 
fective prevention, and, hopefully, with long-term results that will 
show that this is, indeed, the optimal method of management of pa- 
tients with pulmonary embolism. 
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AMIKACIN SULFATE 


FOR THE TREATMENT OF TODAY S 


IN VITRO 


ACTIVE AGAINST MORE PATHOGENS 
THAN GENTAMICIN AND TOBRAMYCIN 





measured by 
agar dilution tests 


Using an agar dilution procedure, a com- 
parison of MIC values with average serum 
levels in humans showed that Amikin 
(amikacin sulfate) inhibited 10076 of 345 
Gram-negative clinical isolates (predomi- 
nantly enterobacteriaceae), excluding 
pseudomonas, at concentrations that should 
be readily achievable in serum following 
administration of recommended doses to 
humans ;* 93.0% of the strains were sus- 
ceptible to gentamicin. Amikin inhibited 
97.1% of the 104 pseudomonas isolates as 
compared to 80.876 for gentamicin. Of the 
110 Staphylococcus aureus strains, 100% 
were susceptible to Amikin and gentamicin. 

tCaution, in vitro data cannot be directly correlated 
to clinical effectiveness. 


tThe usual single intramuscular Amikin dose in man 
is 7.5 mg/Kg which produces an average serum peak 
of about 20 mcg/ml. Strains considered susceptible 
were those inhibited by Amikin antibiotic concentra- 
tions of 20 mcg/ml or less. In the case of gentamicin, 
the susceptibility cutoff point used was 8 mcg/ml, 
the average peak serum level after a gentamicin 
dose of 2 mg/Kg. 





determined by 
disc susceptibility method 
A total of 1862 bacterial isolates from 
Amikin clinical studies were tested for sus- 
ceptibility to Amikin (amikacin sulfate), 
gentamicin and tobramycin. Utilizing the 
Kirby-Bauer disc susceptibility method, 
93.8% of the strains were susceptible to 
Amikin, 77.5% to gentamicin and 78.0% 
to tobramycin. $ 


$Because these isolates came from Amikin clinical 
trials, the incidence of gentamicin- and tobramycin- 
resistant organisms is higher than would be 
normally found. Some Amikin investigators had a 
large number of patients with gentamicin-resistant 
infecting organisms, such as Providencia stuartii 
and Serratia marcescens. 






gentamicin 77.5% 
RSEN 
<4 tobramycin 7876 


SERIOUS GRAM-NEGATIVE INFECTION 


* Amikin is indicated in the short-term treatment 
of serious infections due to susceptible strains 
of Gram-negative bacteria. 
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TODAY'S HOSPITAL INFECT average MIC values of susceptible pathogens 
Reis. "S were significantly below mean peak | 
| lo cure (46! | serum concentrations of 20 mcg/ml usually 
E I LE A e achievable in patients administered 7.5 mg/ 
repc in serious infections Kg or 50 mg of Amikin (amikacin sulfate) 
Clinical trials were conducted among patients by the intramuscular route. Mean peak serum 
| with serious Gram-negative infections. concentrations were 2 to 18 times greater than 


Patients ranged from children to elderly patients. 


mean MICs for bacteria susceptible to Amikin.! 


Many had one or more of a broad variety of tCaution, in vitro data cannot be directly correlated 

serious underlying diseases. The infections to clinical effectiveness. 

. treated were serious Gram-negative infections: — | 35- mim 
| urinary tract infections, both simple and [^ 
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|. complicated, skin and soft-tissue infections, 
| Septicemia, peritonitis, intra-abdominal 

= abscesses, burns, meningitis, osteomyelitis and | | 

|. Septic arthritis. Pathogens included common a lcd 

.  anddifficult-to-eradicate Gram-negative bac- S% 

teria, as well as gentamicin-resistant organisms. 
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Mean minimum inhibitory concentrations determined by 
agar dilution susceptibility test method in 1852 strains 
of bacterial isolates obtained from Amikin clinical trials. 
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(2. TE 
WELL-TOLERATED BY THE MAJORITY OF PATIENTS ' 


As with other aminoglycosides, the most significant adverse 
reactions were ototoxicity and nephrotoxicity, which were reversible 
in some instances. Only 2 per cent of patients with adverse reactions 
had side effects definitely related to Amikin (amikacin sulfate). 
Auditory and renal adverse reactions were most frequent in patients 
with impaired renal function, patients treated for longer periods or 
with higher doses than recommended. Previous or concurrent treat- 
ment with other aminoglycosides or other known nephrotoxic or 
ototoxic drugs enhances the possibility of adverse reactions. 


DOSAGE AND ADMINISTRATION 


LM. or LV. administration for patients 
with normal renal function 


The usual recommended dose is 15 mg/Kg/day in2 or 3 equal 
doses administered at equally divided intervals. The total daily dose 
by all routes of administration should not exceed 15 mg/Kg/day 
for the average weight person. For the heavier individual ( greater 
than 100 Kg) the total daily dose should not exceed 1.5 Gms per day. 
In the unusual circumstances where treatment beyond 10 days is 
considered, the use of Amikin should be reevaluated and, if 
continued, renal and auditory functions should be monitored daily. 


...in patients with impaired renal function 


Doses may be administered either by administering normal doses 
at prolonged intervals or by administering reduced doses at a fixed 
interval. Renal and auditory function should be monitored daily. 


BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 
AMIKIN™ (amikacin sulfate) 

For complete information, consult Official 
Package Circular. (1) AMIKIN 5/24/76 


Warnings: Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential ototoxicity and nephro- 
toxicity associated with their use. 

Ototoxicity, both auditory and vestibular, can 
occur in patients treated at higher doses or 
for periods longer than those recommended. The 
risk of amikacin-induced ototoxicity is greater 
in patients with renal damage. High frequency 
deafness usually occurs first and can be 
detected only by audiometric testing. 

The ototoxicity potential of amikacin in infants 
is not known. Until more safety reports become 
available, amikacin should be used in infants 
only in those specific circumstances when 
susceptibility testing indicates that other amino- 
glycosides cannot be used or are otherwise 
contraindicated, and when the infant can be 
observed closely for evidence of toxicity. 

Aminoglycosides are potentially nephrotoxic. 
Renal and eighth-nerve function should be 
closely monitored in patients with known or sus- 
pected renal impairment and also in those 
whose renal function is initially normal but who 
develop signs of renal dysfunction during 
therapy. Evidence of impairment in renal, ves- 
tibular or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Serum concentrations should be monitored 
when feasible, and prolonged concentrations 
above 35 mcg./ml. should be avoided. Urine 
should be examined for increased excretion of 
protein, cells and casts. 

Concurrent and/or sequential use of topically 
or systemically neurotoxic or nephrotoxic anti- 
biotics should be avoided. 

Amikin should not be given concurrently with 
potent diuretics. 

Usage in Pregnancy: Amikin should be used in 
pregnant women only when clearly needed. 













































Indications: Serious infections due to suscepti- 
ble strains of Gram-negative bacteria, including 
pseudomonas Sp., E. coli, indole-positive and 
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acinetobacter sp. Culture and sensitivity studies 
should be performed. 

Clinical studies have shown Amikin to be 
effective in bacteremia and septicemia (including 
neonatal sepsis); in serious infections of the 
respiratory tract, bones and joints, central 
nervous system (including meningitis) and skin 
and soft-tissue; intra-abdominal infections (in- 
cluding peritonitis); and in burns and post- 
operative infections (including post-vascular 
surgery). Clinical studies have shown Amikin 
(amikacin sulfate) also to be effective in serious 
complicated and recurrent urinary tract infections 


due to these organisms. Aminoglycosides, includ- 


ing Amikin injectable, are not indicated in 
uncomplicated initial episodes of urinary tract 
infections unless the causative organisms are 
not susceptible to antibiotics having less 
potential toxicity. 

Bacteriologic studies should be performed to 
identify causative organisms and their suscepti- 
bilities to amikacin. Amikin may be considered 
as initial therapy in suspected Gram-negative 
infections and therapy may be instituted before 
obtaining the results of susceptibility testing. 
Clinical trials demonstrated that Amikin was 
effective in infections caused by gentamicin and/ 
or tobramycin resistant strains of Gram-negative 
organisms, particularly Proteus rettgeri, Provi- 
dencia stuartii, Serratia marcescens and 
Pseudomonas aeruginosa. The decision to con- 


tinue therapy with the drug should be based on 
results of the susceptibility tests, the severity of 
the infection, the response of the patient and 

the important additional considerations contained 
in the ‘‘Warning’’ box above. 

Amikin has also been shown to be effective 
in staphylococcal infections and may be con- 
sidered as initial therapy under certain conditions 
in the treatment of known or suspected staphylo- 
coccal disease such as, severe infections where 
the causative organism may be either a Gram- 
negative bacterium or a staphylococcus, infec- 
tions due to susceptible strains of staphylococci 
in patients allergic to other antibiotics, and in 
mixed staphylococcal/Gram-negative infections. 

Amikacin may be indicated in the treatment of 
neonatal sepsis when susceptibility testing 
indicates that other aminoglycosidgs cannot be 
used. In certain severe infections spch as 
neonatal sepsis, concomitant therapy with a 
penicillin-type drug may be indicated because of 
the possibility of infections due to Gram-positive 
organisms such as streptococci of pneumococci. 
Contraindications: A history of hypersensitivity 
to amikacin. | 
Warnings: See ‘‘Warning’’ box above. 
Precautions: Amikin is potentially, nephrotoxic, 
ototoxic and neurotoxic. The concurrent or serial 
use of other ototoxic or nephrotoxic agents 
should be avoided either systemically or topically 
because of the potential for additive effects. 
Such agents include antibacterial drugs such as 
kanamycin, gentamicin, tobramycin, neomycin, 
streptomycin, cephaloridine, paromomycin, 
viomycin, polymyxin B, colistin and vancomycin 
as well as certain diuretic agents such as 
ethacrynic acid or furosemide. 

Adverse Reactions: Ototoxicity—See “Warning” 
box. i 

Nephrotoxicity—Albuminuria, presence of red 
and white cells, casts, azotemia and oliguria 
have been reported. 

Other—Skin rash, drug fever, headache, 
paresthesia, tremor, nausea and vomiting, 
eosinophilia, arthralgia, anemia, hypotension. 
Dosage and Administration: The usual |.M. or 
| V. dose with normal renal function is 15 mg./ 
Kg./day divided into 2 or 3 equal doses admin- 
istered at equally-divided intervals. For the 
heavier individual (greater than 100 Kg.), the 
total daily dose should not exceed 1.5 Gms. 
per day. 

When amikacin is indicated in newborns (see 
box Warning"), it is recommended that a 
loading dose of 10 mg./Kg. be administered 
initially to be followed with 7.5 mg./Kg. 
every 12 hours. 

The usual duration of treatment is 7 to 10 days. 
The total daily dose by all routes of administra- 
tion should not exceed 15 mg./Kg./day for the 
average-weight person. In the unusual circum- 
stances where treatment beyond 10 days is 
considered, the use of Amikin (amikacin sulfate) 
should be reevaluated and, if continued, renal 
and auditory functions should be monitored daily. 
For patients with impaired renal function, 
whenever possible, serum amikacin concentra- 
tions should be monitored by appropriate assay 
procedures. Doses may be adjusted in patients 
with impaired renal function either by admin- 
istering normal doses at prolonged intervals or 
by administering reduced doses at a fixed 
interval. 

The solution for intravenous use is prepared by 
adding the contents of a 500 mg. vial to 200 ml. 
of sterile diluent such as Normal Saline or 

5% Dextrose in Water or any other compatible 
solution. 

The solution is administered over a 30- to 
60-minute period. 

Supplied: Rubber-capped vials as a ready-to-use 
sterile aqueous solution 100-mg., 500-mg., 

and 1.0-Gm. vials. 


i BRISTOL LABORATORIES 
BRISTOL Division of Bristol-Myers Company 


Syracuse, New York 13201 






























1. Data on file, Bristol Laboratories. 





The (P) NON-INVASIVE Clinical Vascular Laboratory 
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An Extensively Documented Clinical Procedure 
for the Quantitative Evaluation of Peripheral Vascular Disease: 
Arterial —Venous— Cerebral Vascular 


Arterial 





A 


The built-in Doppler facilitates the 
measurement of pressures along the 
arterial tree. 


Total Segmental Perfusion (primary 
vessel plus collaterals) is accurately 
documented at the thigh-calf-ankle- 
metatarsal level and digits. 


The COMBINED information of segmental PVR recordings and systolic pressure 
gradient establishes a clinically accurate picture of segmental perfusion. 
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Cerebral | 
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Ophthalmic Artery Tracing 5 


A 15-point scale provides 

~ quantitative criteria for 

the identification of increased 
deep venous resistance. 






Ophthalmic artery pressure is read 
directly on the OPG Attachment of the 
PVR for the evaluation of collateral 
circulation to each eye, and its 
respective cerebral hemisphere. 










PULSE VOLUME 
CURVE BY 

INTRA-ARTERIAL 
CANNULATION 
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Comparison of pressure contours 
obtained with the PVR and direct 
cannulation of the common 
femoral artery. 


EXCELLENT LONG-TERM 
REPRODUCIBILITY AND 
CALIBRATED ACCURACY BY 
QUANTITATIVE SEGMENTAL 
CUFF TECHNIQUE 


The CLINICAL PROCEDURES 
for the Evaluation of Peripheral 
Vascular Disease based on the 
Pulse Volume Recorder (PVR®) 
described here, have been qual- 
ified for reimbursement for In- 
and Out-Patients under: 


* Various non-profit hospital 
and medical-surgical service 
plans e Medicare e Veterans 
Benefits èe Commercial Insur- 
ance Companies 


For In-Hospital 
use or Office- 
Based Practice. 


References, bibliography, and 
details on request. 
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270 Greenwich Avenue 

Greenwich, Connecticut 06830 U.S.A. 
Tel. 203 869-2011 


~ Reliable and safe hemostat 





to help control small-vesse! bleeding 
without injuring vital tissue 


SURGICEL 


Absorbable Hemostat 


TRADEMARK 





oxidized regenerated cellulose 





SURGICEL Absorbable Hemostat 


TRADEMARK 
(oxidized regenerated cellulose) 


FOR SURGICAL USE 
(For dental applications of this product, refer- 
ence should be made to the package insert for 
dental use.) 


DESCRIPTION: SURGICEL Absorbable Hemo- 
Stat is a chemically-sterilized, absorbable 
knitted fabric prepared by the controlled Oxi- 
dation of regenerated cellulose. The fabric is 
white with a pale yellow cast and has a faint, 
caramel-like aroma. It is strong and can be 
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sutured or cut without fraying. It is stable and 
can be stored at controlled room temper- 
ature. A slight discoloration may occur with 
age, but this does not affect performance. 


ACTIONS: The mechanism of action whereby 
SURGICEL accelerates clotting is not com- 
pletely understood, but it appears to be a 
physical effect rather than any alteration of 
the normal physiologic clotting mechanism. 
After SURGICEL Absorbable Hemostat has 
been saturated with blood, it swells into a 
brownish or black gelatinous mass which aids 
in the formation of a clot, thereby serving as 
4 hemostatic adjunct in the control of local 
hemorrhage. When used properly in minimal 
amounts, SURGICEL is absorbed from the 
sites of implantation with practically no tissue 
reaction. Absorption depends upon several 
factors including the amount used, degree of 
saturation with blood, and the tissue bed. 


INDICATIONS: SURGICEL Absorbable Hemo- 
stat (oxidized regenerated cellulose) is used 
adjunctively in surgical procedures to assist 
in the control of capillary, venous, and small 
arterial hemorrhage when ligation or other 
conventional methods of control are imprac- 
tical or ineffective. 


CONTRAINDICATIONS: Although packing or 
wadding sometimes is medically necessary, 
SURGICEL Absorbable Hemostat should not 


be used in this manner unless it is to be re- 
moved after hemostasis is achieved. 

SURGICEL should not be used for implan- 
tation in bone defects, such as fractures, 
since there is a possibility of interference 
with callus formation and a theoretical chance 
of cyst formation. 

When SURGICEL is used to help achieve 
hemostasis around the spinal cord in lam- 
inectomies, or around the optic nerve and 
chiasm, it must always be removed after 
hemostasis is achieved since it will swell and 
could exert unwanted pressure. 

SURGICEL should not be used to control 
hemorrhage from large arteries. 

SURGICEL should not be used on non- 
hemorrhagic serous oozing surfaces, since 
body fluids other than whole blood, such as 
serum, do not react with SURGICEL to pro- 
duce satisfactory hemostatic effect. 


WARNINGS: SURGICEL Absorbable Hemostat 
is supplied sterile and should not be auto- 
claved because autoclaving causes physical 
breakdown of the product. 

SURGICEL is not intended as a substitute 
for careful surgery and the proper use of 
sutures and ligatures. 

Closing SURGICEL in a contaminated 
wound without drainage may lead to compli- 
cations and should be avoided. 

The hemostatic effect of SURGICEL is 









Rapid and complete absorption 

virtually no tissue reaction when used __ 
properly in minimal amounts for hemostasis-«- slg 
SURGICEL Absorbable Hemostat is - 
completely absorbable from sites of - 
implantation after it has become a _. 
gelatinous mass that aids inthe = 
formation of a clot. 


7 = 
Convenient to use. SURGICEL — =, e 

Absorbable Hemostat requires no addi- ^ eee 
it is ready for - 
When exposed” 
it adheres readily to tissues but 
generally not to dry instruments or dry surgical * ^— 
gloves. SURGICEL Absorbable Hémostat s 
should be stored at controlled room temperature» 
Before using SURGICEL Absorbable Hemostat:- si 
please refer to product information below. _ 


tional hemostatic preparation: 
use directly from the vial. 
to blood, 


greater when it is applied dry; therefore it 
should not be moistened with water or saline. 

SURGICEL should not be impregnated with 
anti-infective agents or with other materials 
such as buffering or hemostatic substances. 
Its hemostatic effect is not enhanced by the 
addition of thrombin, the activity of which is 
destroyed by the low pH of the product. 

Although SURGICEL Absorbable Hemostat 
may be left in situ when necessary, it is ad- 
visable to remove it once hemostasis is 
achieved. It must always be removed from 
the site of application after use in laminec- 
tomy procedures and from foramina in bone 
when hemostasis is obtained. This is because 
SURGICEL, by swelling, may cause nerve 
damage by pressure in a bony confine. Pa- 
ralysis has been reported when used around 
the spinal cord, particularly in surgery for 
herniated intervertebral disc. 


PRECAUTIONS: Use only as much SURGICEL 
Absorbable Hemostat as is necessary for he- 
mostasis, holding it in place until bleeding 
stops. Remove any excess before surgical 
closure in order to facilitate absorption and 
minimize the possibility of foreign body 
reaction. 

SURGICEL should be applied loosely 
against the bleeding surface. Wadding or 
packing should be avoided, especially within 
rigid cavities, where swelling may interfere 


*Trademark of Johnson & Johnson 
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with normal function or possibily cause 
necrosis. 

In urological procedures, minimal amounts 
of SURGICEL should be used and care must 
be exercised to prevent plugging of the 
urethra, ureter, or a catheter by dislodged 
portions of the product. 

Since absorption of SURGICEL could be pre- 
vented in chemically cauterized areas, its use 
should not be preceded by application of sil- 
ver nitrate or any other escharotic chemicals. 

If SURGICEL is used temporarily to line the 
cavity of large open wounds, it should be 
placed so as not to overlap the skin edges. 
It should also be removed from open wounds 
by forceps or by irrigation with sterile water 
or saline solution after bleeding has stopped. 

Precautions should be taken in otorhino- 
laryngologic surgery to assure that none of 
the material is aspirated by the patient. (Ex- 
amples: controlling hemorrhage after tonsil- 
lectomy and controlling epistaxis.) 

Care should be taken not to apply SURGI- 
CEL too tightly when it is used as a wrap 
during vascular surgery (see “ADVERSE 
REACTIONS” section). 


ADVERSE REACTIONS: “Encapsulation” of fluid 
and foreign body reactions have been reported. 

There have been two reports of stenotic 
effect when SURGICEL Absorbable Hemostat 
has been applied as a wrap during vascular 


Wide hemostatic application in surgery. 
È SURGICEL Absorbable Hemostat is a pliable 
knitted fabric that has been found to be inherently 
and dependably hemostatic when used as an aid in 
the control of small-vessel bleeding in abdominal, 
thoracic, neurosurgical, orthopedic. cardiovascular, 
gynecologic and otorhinolaryngologic procedures. 
In superficial open wounds and on donor sites. 
SURGICEL Absorbable Hemostat is a valuable 
adjunct in the control of small-vessel bleeding when 
ligation or other conventional methods of control 
are impractical or ineffective. a 














surgery. Although it has not been established 
that the stenosis was directly related to the 
use of SURGICEL, it is important to be cau- 
tious and avoid applying the material tightly 
as a wrapping. 

Possible prolongation of drainage in cho- 
lecystectomies and difficulty passing urine 
per urethra after prostatectomy have been 
reported. There has been one report of a 
blocked ureter after kidney resection, in 
which postoperative catheterization Was 
required. 

Occasional reports of "burning" and "'sting- 
ing" sensations and sneezing when SURGI- 
CEL has been used as packing in epistaxis, 
are believed due to the low pH of the product. 

Burning has been reported when SURGI- 
CEL was applied after nasal polyp removal 
and after hemorrhoidectomy. Headache, burn- 
ing, stinging, and sneezing in epistaxis and 
other rhinological procedures, and stinging 
when SURGICEL was applied on surface 
wounds (varicose ulcerations, dermabrasions, 
and donor sites) also have been reported. 


SURGIKOS 


A fohmensfohmen Company 
New Brunswick, New Jersey 08903 



















ACME UNITED RESPOSABLE INSTRUMENTS. 


Priced low enough to throw away. , 
Made well enough to reuse. T 


even grip. Scissor blades are sharp enough to cut all types 


blem of surgical instrument loss outside of the OR. of suture or trim tissue. Forceps grasp effectively without 
bowing. All RESPOSABLE Instruments are lightweight and 


ple. Practical. And cost effective. They're reusable 
ruments that are priced like disposables. ;, easy to grip for dexterous handling. And they re inexpensive 
| P df enough to throw away when cross-contamination IS a 


cme United RESPOSABLE Instruments solve the costly 


Aade of stainless steel for extra toughness, 
special concern. 


SPOSABLE Instruments can withstand n 
eated processing by high vacuum \ Acme United RESPOSABLE Instruments. You 
can use them. And lose them. Or throw them away. 


» But you'll always get your money’s worth before 
| they disappear 


/ ar 
rilizers, steam autoclaves or ethylene | 
de gas sterilizers. Their non-glare, 

ctro-polished surface wont discolor or A 
‘ode. And the simple pivot pin hinges on 

SPOSABLE Instruments are exceptionally ur 
sy to clean. 

Vost importantly, these instruments are functiona! as well 
inexpensive. The hemostat jaws align properly for a firm, 


Saving money is only one of the advantages. 





Acme United Corporation 


Medical Products Division 
100 Hicks Street, Bridgeport, Conn. 06609 
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Smooth w 
to rough d 


Our natural-fiber, bulk-producing 
laxative is the easy Way to give your patients 
the roughage they need. In constipation, 
whether simple or associated with such 
conditions as diverticular disease. irritable 
bowel syndrome or hemorrhoids. 
Metamucil leads to the soft life. 


The powder mixes with water or 
juices; the Instant Mix is citrus-flavored. 
ciously easy to take. 
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Complications 


in Vascular Surgery 


Edited by HUGH G. BEEBE. M.D.. 
With 18 Contributors. 


Outstanding vascular surgeons from all sec- 
tions of the country have pooled their com- 
posite experience and knowledge for this 
in-depth work. Each has written on a specific 
vascular complication and gives you the bene- 
ht of his expertise in this area. Three objec- 
tives are always in view: 1) To help vou 
prevent complications where the causes are 
known and can be anticipated. 2) To provide 
you with a clear guide to the management of 
complications. 3) To establish a foundation of 
information from which you can deal logicallv 
and effectively with problems not described. 
This work reaps the benefit. of significant ap- 
praisals of long-term follow-up studies that 
became possible during the last ten years. 


402 Pages * 175 Illustrations * 1973 * $28.00 


| East Washington Square, Phila., Pa. 19105 
Please send me: 


Complications 
in Vascular Surgery ............ $28.00 


[] Payment Enclosed [] Charge and Bill me 
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In cancer 


management 
periodic CEAROCHE assays 


may detect recurrence of disease 
months before other clinical signs 
are evident 








Lung 


Breast 
GI Iract 
GU 'Iract 





CEA-ROCHE ng/ml 


Therapeutic Response Curve 

CEA-ROCHE, when used as a biological marker Results of periodic CEA-ROCHE assays 

for following the cancer patient's response to have been found to closely mirror clinical 
therapy, should be employed periodically to response to therapy. Effective therapy normally 
determine a trend. The first test (preferably results in a drop in an elevated CEA titer to 
taken prior to beginning treatment) is usedas levels below 2.5 ng/ml. Conversely, CEA titers 
a baseline against which subsequent tests are usually remain elevated in the presence of 
measured. Investigators have recommended refractory disease or when therapy is unsuC 
that assays be run every 3-4 weeks during cessful. 

periods of active therapy, then once every 


1-2 months for the first six months after com- 
nlatian of theranv: and finally, every 6-12 


A^ 








- J— CEA-ROCHE 
i Ccarcinvembryonic Anticon assay 


a valuable adjunct to other laboratory tests 
for monitoring the cancer patient’ status 


Four years of extensive clinical use have shown CEA-ROCHE 
to be an important part of the total management program CEA-ROCHE 





for patients with internal carcinoma: breast, lung, GI B aAa oaa 
and GU tracts. Used periodically, this assay is a © Laboratories, Inc. 
valuable means of... Five Johnson Drive 
Pag eae Raritan, New Jersey 08869 
@ monitoring the effects of surgery, radiation (201) 526-2400 
or chemotherapy 800-631-5250 


isis Pe v d 
9 indicating the need for a change or beni al and private 


re-evaluation of therapy © 
@ suggesting the recurrence or 
progression of disease 


Complete and mail the following w 
coupon to 

Professional Services 
Department 

Roche Laboratories 

340 Kingsland Street 

Nutley, New Jersey 07110 
(201) 235-4873 


I am interested in knowing 
more about the use of 


CEA-ROCHE as a manage- 
ment aid in patients with 













[ ] Breast cancer 

LJ Lung cancer 

CIGI cancer 

LIGU cancer 

Please send me some of the 
current reprints in the 


area(s) I have indicated 
above. 
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Progression/Recurrence Curve 


The importance of periodic CEA-ROCHE 
assays for the prompt recognition of tumor 
progression/recurrence has been found to be 
“crucial in the clinical follow-up of these 
[cancer] patients.” The same report also showed 
that progressively rising titer levels often pre- 
ceded actual clinical relapse by weeks to 
months. * 
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It takes a special kind of 
. analgesic to meet the need. 
Do Talwin 50 mg. has what it takes: 


Tolerance to its analgesic 
effect has been reported 
only rarely. 


Potency in the codeine 
range — analgesia equivalent 
to 60 mg. codeine. 


IHELOGICAL ALTERNATIVE 

TO OPIATES FOR RELIEF OF 
PERSISTENT PAIN OF MODERATE 
TO SEVERE INTENSITY 


Jalwin HC150me 


brand of equivalent to 50 mg. base 


pentazocine HCl 


~ SATURDAY 8 PM. Winthrop | 


See next page for important product information including 
warnings, precautions, adverse reactions, and patient selection. 











Talwin HC150me 


brand of equivalent to 50 mg. base 


pentazocine HCI" 


Please consult full prescribing information before prescribing. A 
summary follows: 

Talwin HCI is intended for the relief of moderate to severe pain. One 

50 mg. tablet appears equivalent in analgesic effect to 60 mg. (1 gr.) of 
codeine. Talwin is a weak narcotic antagonist with sedative activity. 
Contraindication 

Hypersensitivity to pentazocine. 

Warnings 

Drug Dependence. There have been instances of psychological and 
physical dependence on parenteral Talwin in patients with a history of 
drug abuse and, rarely, in patients without such a history. Abrupt 
discontinuance following the extended use of parenteral Talwin has 
resulted in withdrawal symptoms. There have been a few reports of 
dependence and of withdrawal symptoms with orally administered Talwin. 
Patients with a history of drug dependence should be under close 
supervision while receiving Talwin orally. 

In prescribing Talwin for chronic use, the physician should take 
precautions to avoid increases in dose by the patient and to prevent the 
use of the drug in anticipation of pain rather than for the relief of pain. 
Head Injury and Increased Intracranial Pressure. Talwin may elevate 
cerebrospinal fluid pressure. This may be markedly exaggerated in the 
presence of head injury, intracranial lesions and a preexisting increase in 
intracranial pressure. Talwin may obscure the clinical course of patients 
with head injuries. Talwin should be used with extreme caution in such 
patients and only if its use is deemed essential. 

Usage in Pregnancy. Although no teratogenic or embryotoxic effects have 
been reported in animals, Talwin HCI should be administered to pregnant 
patients (other than labor) only when potential benefits outweigh possible 
hazards: and cautiously in labor of women delivering prematurely. 
Acute CNS Manifestations. In therapeutic dosage, rarely, transient 
hallucinations, disorientation, and confusion may occur. Observe such 
patients carefully and check vital signs. Use caution if the drug 1s 
reinstituted. 

Usage in Children. Not presently recommended under 12. 

Ambulatory Patients. Since sedation, dizziness, and occasional euphoria 
have been noted, ambulatory patients should be warned not to operate 
machinery, drive cars, or unnecessarily expose themselves to hazards. 
Precautions 

Oral Talwin has been rarely reported to cause respiratory depression. It 
should be used with caution in patients with respiratory depression, 
deverely limited respiratory reserve, bronchospasm, cyanosis, renal or 
hepatic dysfunction, convulsive disorders and those about to undergo 
biliary surgery. As with all drugs, use with caution in patients with 
myocardial infarction who have nausea or vomiting. Patients previously 


THE LOGICAL 
ALTERNATIVE TO ide aet 
OPIATES FOR RELIEF receiving Talwin orally 

OF PERSISTENT PAIN Significant abnormalities of liver 
OF MODERATE TO 
SEVERE INTENSITY 


m Potency in the codeine range — 
analgesia equivalent to 60 mg. 
codeine 

m A low risk of tolerance — has been 
reported only rarely 

m Patients with chronic pain receiv- 
ing Talwin 50 mg. for prolonged 
periods rarely experience with- 
drawal reactions when the drug is 
abruptly stopped: There have been 
a few reports of dependence and of 
withdrawal symptoms with orally 
administered Talwin. Patients with 
a history of drug dependence should 
be under close supervision while 


and kidney function have not been 
reported —even after extended use 


given narcotics, including methadone, may experience withdrawal 
symptoms after receiving Talwin. 

Adverse Reactions 

Reactions reported after oral administration of Talwin include 
gastrointestinal: nausea, vomiting; infrequently constipation; and rarely 
abdominal distress, anorexia, diarrhea. CNS effects: dizziness, 
lightheadedness, sedation, euphoria, headache; infrequently weakness, 
disturbed dreams, insomnia, syncope, visual blurring and focusing 
difficulty, hallucinations; and rarely tremor, irritability, excitement, 
tinnitus. Autonomic: sweating; infrequently flushing; and rarely chills. 
Allergic: infrequently rash; and rarely urticaria, edema of the face. 
Cardiovascular: infrequently decrease in blood pressure, tachycardia. 
Hematologic: rarely depression of white blood cells (especially 
granulocytes), which is usually reversible, moderate transient 
eosinophilia. Other: rarely respiratory depression, urinary retention, 
paresthesia, toxic epidermal necrolysis. 

Dosage and Administration 

Adults: The usual initial adult dose is 1 tablet (50 mg.) every three or 
four hours. This may be increased to 2 tablets ( 100 mg.) when needed. 
Total daily dosage should not exceed 600 mg. Tolerance is rare. Abrupt 
discontinuance following chronic use has rarely caused withdrawal 
symptoms. Talwin is not subject to narcotic controls. 

Overdosage 

Oxygen, parenteral naloxone, ‘ntravenous fluids, vasopressors, assisted or 
controlled ventilation, and other supportive measures should be employed 
as indicated. 


Winthrop Laboratories 
New York, N.Y. 10016 
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ANTIMICROBIAL SKIN CLEANSER 





AS A SIX-MINUTE AS A HANDWASH AS A WOUND CLEANSER 
SURGICAL SCRUB 
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2 Wide-range antimicrobial 
activity. 
The active ingredient in HIBICLENS, 


chlorhexidine gluconate, has proven effective 


in vitro against a wide range of organisms 
commonly encountered in the hospital. 


Representative organisms included in the 


HIBICLENS spectrum are listed Opposite...with 


corresponding MIC's (Minimum Inhibitory 
Concentrations): 


3Ropid bactericidal 
activity. 
Since HIBICLENS kills bacteria on contact, 
repeated cleansing is not necessary for a 
high level of effectiveness. This is especially 
helpful in the prevention of cross-infection 
between patients and health-care personnel. 


Persistent antimicrobial 
activity. 
HIBICLENS maintains a high level of residual 


activity...thereby helping to prevent bacterial 


regrowth. 


ANTIMICROBIAL EFFECTIVENESS 













MIC of 
HIBICLENS 
(ug./mi.) 










gram-negative | E. coli 
N. gonorrhoéae 
Proteus species 
Pseudomonas aeruginosa 
Serratia marcescens 








Immediately after initial scrub with 
HIBICLENS *. 


immediately after 11th scrub with 


n | 
ik 
HIBICLENS': 2% B 


% reduction of bacterial flora over baseline 
8 hours after a 5-minute HIBICLENS . 
99.1% | 












wash?: 





3 hours after a 2-minute HIBICLENS 
wash: 





SAFE AND NONIRRITATING 


Extensive clinical trials have revealed no 
evidence of toxicity with the use of 
HIBICLENS. 

Moreover, HIBICLENS can be used many 
times a day without any significant problem of 





HIBICLENS has an elegant consistency that 
leaves the skin smooth and supple...even with 
repeated use. 

HIBICLENS is nongreasy...and rinses away 
easily. Its soft, lubricating feel is highly accept- 
able to those who use it in the hospital 
environment. 


irritation or sensitization. 

And when used as a cleanse for superficial 
skin wounds;* HIBICLENS will neither cause addi- 
tional tissue injury nor delay wound healing: 


AS ELEGANT AS IT IS EFFECTIVE 


The light, agreeable scent of HIBICLENS is 
another factor that makes it especially pleasant 
to health-care personnel. 


"HIBICLENS is for external use only. It should be kept out of eyes and eors. 


References: 1. Data on file, Stuart Pharmaceuticals. 2. Sevens, F., et al.: 
Medikon 2:369 (Oct.) 1973. 3. Lilly, H.A., and Lowbury, E.J.L.: Brit. Med. J. 
4:372 (Nov. 16) 1974. 
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CHLORHEXIDINE GLUCONATE 


For use in surgical For use in general 

scrub areas: hand-washing locations: 

[] 32-oz. disposable plastic bottle — C] 4-oz. and 8-oz. squeeze bottles — 
with a special wall dispenser with turret dispenser cap for quick, 
operated by foot pedal. easy use. 


O 32-oz. disposable plastic bottle — 
witha special wall dispenser operatec 
by foot pedal...or with self-mefering 
hand pump. 


i O 1-gallon plastic bottle — with self- 
STUART PHARMACEUTICALS | Wilmington, DE 19897 
Division of ICI United States Inc. metering hand DUMP. 
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Surgical Management of Chronic Pulmonary Embolism 


DAVID C. SABISTON, JR., M.D., WALTER G. WOLFE, M.D., H. NEWLAND OLDHAM, JR., M.D., 


ANDREW S. WECHSLER, M.D., FRED A. CRAWFORD, JR., M. 


The clinical course of most patients with pulmonary embolism 
is one of gradual resolution with re-establishment of flow in 
the pulmonary arteries. In a small but definite group of pa- 
tients, the emboli do not resolve and a state of chronic pul- 
monary embolism ensues. The primary thrombotic process in 
the systemic venous system may persist, and in some instances 
may be unrecognized. Such patients experience recurrent 
showers of emboli which may ultimately occlude a large part 
of the pulmonary arterial circulation with development of 
severe respiratory insufficiency. Six patients with this syn- 
drome are described, and in each there was a history of 
dyspnea, cyanosis, and exercise intolerance associated with 
a low arterial PO,, right ventricular hypertrophy, and pul- 
monary hypertension. Pulmonary scans and arteriograms 
demonstrated that more than half of the major pulmonary 
arteries were occluded and, in addition, smaller vessels were 
also obstructed. Pulmonary embolectomy was performed in 
each patient. Five of the 6 obtained a highly gratifying 
response, including relief of the dyspnea and cyanosis, an 
increase in arterial PO,, and a decrease in pulmonary arterial 
pressure. In each of the five in whom improvement occurred, 
the back-bleeding from the pulmonary artery at the time of 
embolectomy was quite good. In the sixth patient, the back- 
bleeding was very poor, and despite embolectomy, the vessel 
thrombosed postoperatively with no improvement in the pa- 
tient's clinical course. Follow-up studies in these patients 
range up to 8 years with demonstration of continued patency 
of the pulmonary arteries as well as continued improvement 
in clinical symptoms and in the arterial Po,. 


L THOUGH PULMONARY EMBOLISM usually presents 
A as an acute disorder, in 1928 Lungdahl? described 
chronic obstruction of the pulmonary arteries produc- 
ing progressive respiratory insufficiency ultimately 


Presented at the Annual Meeting of the Southern Surgical 
Association, December 5-8. 1976, Palm Beach, Florida. 
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leading to death. This condition is characteristically 
the result of an initial episode of embolism and at times 
is followed by recurring showers of emboli which fail 
to resolve in the usual manner. In the early stages of 
this disorder, the clinical manifestations are frequently 
unimpressive. However, with the passage of time a 
syndrome develops characterized by progressive pul- 
monary arterial occlusion with onset of exertional 
dyspnea and signs of right ventricular strain. The 
arterial Po, is reduced, and pulmonary scans and 
arteriograms reveal extensive obstruction of the major 
pulmonary arteries as well as the small branches with 
associated pulmonary hypertension. Six patients pre- 
senting a history of chronic respiratory insufficiency 
and with obstruction of more than half of the pulmonary 
arterial bed are presented who have been managed by 
pulmonary embolectomy with gratifying results. 


Clinical Data 


Since 1967, 6 patients have been observed at the 
Duke University Medical Center with a clinical and 
radiological diagnosis of severe chronic pulmonary 
embolism. The ages have ranged from 31 to 63 and three 
were males and three females. The duration of pul- 
monary insufficiency prior to definitive surgical 
therapy ranged from five months to two years. In each 
patient, a history or physical signs of thrombophlebitis 
in the lower extremities was present, and each had been 
treated with anticoagulant therapy. A review of the pre- 
Operative pulmonary scans and pulmonary arterio- 
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Fic. 1. Case 1. (A) Preoperative chest film showing relatively normal appearance except for diminution of vascular markings in the left 


hilar region. The left hemithorax is slightly more radiolucent than the right, suggesting diminished pulmonary arterial flow to the left 
lung. (B) Perfusion lung scan showing total absence of pulmonary flow to the left lung and with diminished pulmonary arterial flow in 
the right mid-lung field and at the right base. The level of the right diaphragm is indicated. (C) Pulmonary arteriogram demonstrating no 
perfusion to the left lung with complete occlusion of the left main pulmonary artery. There is diminished flow to the lower portion of 


the right lower lobe. (D) Postoperative plain roentgenogram of chest. (E) Postoperative pulmonary arteriogram showing patency of the 


left pulmonary arterial system. (F) Postoperative pulmonary perfusion scan showing good perfusion of the entire left lung. 


grams revealed that a significant portion of the pul- 
monary arterial bed was occluded in each instance 
(Figs. 1-3 and Table 1). Pulmonary hypertension was 
present in all patients, ranging from 43/23 to 100/20 
mm Hg. The electrocardiogram generally showed evi- 
dence of a right ventricular strain pattern with incom- 
plete right bundle branch block and P waves sug- 
gestive of cor pulmonale (Figs. 4 and 5). In all pa- 
tients, the arterial Po, was low, ranging from 48 to 
68 torr preoperatively, and all patients had clinical 
signs of respiratory insufficiency. The hematocrit 
ranged from 34 to 55. 


Management and Results 


Each of the 6 patients reported in this study under- 
went pulmonary embolectomy. In three of the patients 
extracorporeal circulation was used either because of / 
the presence of bilateral emboli with plans to remove 
the obstruction from each of the two major pulmonary 





Fic. 2. Gross specimen removed from left pulmonary artery in cm | 2 3 4 9 
Case 1. 
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Fic. 3. Photomicrograph 
of embolus removed from 
left pulmonary artery in 
Case 1. Marked fibrosis | 
and evidence of chronic NM des RET. Sond 
inflammation are present. AM d aS onm TA 
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arteries or due to the fact that the obstruction extended without compromise of the opposite pulmonary artery. 
into or quite near the main pulmonary artery makingit — Intwoofthe patients in whom cardiopulmonary bypass 
difficult or impossible to occlude the artery proximally was used, a median sternotomy was employed and in 


TABLE l. Data from Patients with C hronic Pulmonary Embolism Managed by Pulmonary Embolectomy 













Pulmonary Artery PO, Breathing Air 
History or Pressure 
Duration Signs of Duration % P.A. (mm. Hg) Preop. Before 
Pa- of Symp- Thrombo- of Occlusion Het. Embo- Al Ligation 
tient Age Sex toms phlebitis Follow-up Preop.* Preop. — Postop. t lectomy Discharge Present LEVEL Comments 

l 3l M I5 mos. yes 8 yrs. 65'; 75/20 35/14 53 65 torr 8I torr 83 torr yes heavy smoker. chronic 
dyspnea/ asymp- leg edema, no evi- 
routine tomatic dence recurrent 
activity emboli, PFT-mild 

obstruction 

2 37 M I8 mos. yes S yrs. 60 ; 48/18 37/14 39 68 torr 87 torr 8I torr no heavy smoker, alcohol 
dyspnea mild abuse, no evidence 
routine dyspnea of recurrent emboli, 
activity exertion PFT-severe ob- 

struction 

3 46 F 8 mos. yes S yrs. 55% 43/23 36/17 42 65 torr 76 torr 78 torr no smoker, no evidence 
dyspnea asymp- recurrent emboli, 
exertion tomatic PFT-normal 

4 31 M 5 mos. yes 10 mos. 55% 44/18 38/15 34 62 torr 79 torr 82 torr yes non-smoker, no evi- 
dyspnea/ asymp- dence recurrent 
rest tomatic emboli, PFT-normal 

5 63 F 2 yrs. yes 4 mos, 55% 85/22 53/18 34 42 torr 67 torr 65 torr yes non-smoker, flow 
dyspnea/ mild study good perfu- 
rest dyspnea sion RML and RLL 

exertion 

6 48 F 10 mos. yes 2 mos. 65% 100/20 100/20 55 50 torr 50 torr no very little back-bleeding 
dyspnea/ at time of pulmonary 
rest embolectomy ` 






* Estimated from pulmonary arteriograms and perfusion scans. 
t 1.V.C.: Inferior Vena Cava. 
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the third patient a left anterior thoracotomy was used 
with cannulation of the outflow tract of the right ven- 
tricle for return of blood to the pump oxygenator. In 
the three patients in whom the pulmonary arterial OC- 
clusion was primarily localized to one lung. the pul- 
monary artery on the side of the lesion was approached 
by an anterior thoracotomy in the third interspace with 
dissection of the pulmonary artery and proximal oc- 
clusion. At the same time, the opposite pulmonary 
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Fic. 4. Preoperative ECG 
shows a mean QRS of 
4+135°. There is a shift of 
the initial forces leftward 
with a rotation of the T 
wave leftward and pos- 
teriorly as seen in right 
ventricular strain. An in- 
complete right bundle 
branch block is present and 
the P waves are suggestive 
of P pulmonale. (From 
Moor, G. F., and Sabiston, 
D. C., Jr.: Embolectomy 
for Chronic Pulmonary 
Embolism and Hyperten- 
sion. Case Report and Re- 
view of the Problem. Circu- 
lation, 41:701, 1970.) 
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artery remained open with maintenance of the circula- 
tion. Thus, it is quite feasible in appropriate circum- 
stances to perform embolectomy without the use of 
extracorporeal circulation when only one of the two 
major arteries is involved, although the pump oxygena- 
tor should be ready and available if necessary. 
Considerable emphasis should be placed upon the 
necessity of performing an extensive embolectomy in- 
cluding the primary branches of the pulmonary arteries. 


Fic. 5. Electrocardiogram 
nine months postopera- 
tively in Case 1, showing 
return to normal. (From 
Moor, G. F., and Sabiston, 
D. C., Jr.: Embolectomy 
for Chronic Pulmonary 
Embolism and Hyperten- 
sion. Case Report and Re- 
view of the Problem. Circu- 
lation, 41:701, 1970). 
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FIG. 6. (A) Chest film 8 years following pulmonary embolectomy in Case 1. (B) Pulmonary scan showing good perfusion 8 years following 
pulmonary embolectomy. (C) Pulmonary arteriogram eight years following embolectomy, showing continued patency of the arteries to the 
left lung. There is continuing obstruction of the arterial circulation to the right lower lobe. since no embolectomy was performed in that 


region. 


In order to accomplish this. it is frequently necessary 
to make a counter incision in the pulmonary artery 
after the proximal embolus has been removed. The 
specimen is generally an arborized one with branches 
and sub-branches and can often be removed intact. 
Following removal of the embolus. prominent back- 
bleeding is usually apparent with retrograde flow of 


Fic. 6C See legend for 
figure 6. 


bright red arterial blood. In the single patient in whom 
poor back-bleeding was encountered (Case 6), it 
was predicted at that time that the pulmonary artery 
would likely thrombose postoperatively, which indeed 
did occur. In every instance. the pulmonary embolus 
was densely adherent to the pulmonary artery since a 
history of at least five months’ obstruction had been 
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Fic. 7. Case 2. (Left) Preoperative chest film. (Center) Preoperative pulmonary arteriograms showing extensive occlusion of right pulmonary 


artery and its branches. (Right) Preoperative pulmonary perfusion scan showing markedly reduced pulmonary flow in the majority of 


the right lung and at the left base. 


present prior to operation. During this period, the covered from the procedure, and five showed quite 
embolus had become thoroughly organized and favorable clinical improvement in the previous respira- 
fibrotic. Despite the dense attachment of the embolus, tory insufficiency and demonstrated prolonged patency 
five of the 6 patients had prolonged patency with no 
evidence of reocclusion of the pulmonary artery 
(Figs. 6-10). 

Ligation of the inferior vena Cava was performed in 
three of the patients immediately after closure of the 
chest due to evidence of continuing activity of periph- 
eral thrombophlebitis. 

Concerning the operative results, all patients re- 





Fic. 8. Case 2. (Left) Preoperative pulmonary scan compared 
with (Right) postoperative scan. A marked improvement in pul- Fic. 9. Case 2. Specimen removed from right pulmonary artery 
monary flow is demonstrated in the lateral scan postoperatively. and its branches. 
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10. Case 2. (A) Postoperative plain chest film showing increased vascular m 
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arkings in right lung. (B) Postoperative pulmonary 


arteriograms showing continued patency of embolized portion of right pulmonary artery. 


of the pulmonary artery (Figs. 11-14). The longest 
follow-up is now 8 years (Case 1) and a recent study of 
pulmonary function, pulmonary arteriography, and a 
non-invasive radionuclide scan show continued pa- 
tency of the previous totally obstructed left pul- 
monary artery. The patient is working daily (Table 
2 and Fig. 6). 

The arterial Po; increased in five of the 6 patients 
(Fig. 15), and again the 8 year follow-up shows con- 
tinuance of this improvement (Table 2). Similarly, the 





Fic. 11. Case 4. (A) Preoperative chest film. (B) Preoperative pulmonary 





pulmonary arterial pressure fell in all instances except 
in the one patient previously cited (Fig. 16). 


Discussion 


The syndrome of chronic pulmonary embolism of the 
major pulmonary arteries is now recognized as one of 
the causes of cor pulmonale. Unlike the characteristic 
pattern following acute pulmonary embolism, in pa- 
tients with chronic occlusion the pulmonary emboli 





2-19-76 2-19-76 ^ 


arteriogram showing right pulmonary artery with minimal occlusion 


of small branches. (C) Left pulmonary arteriogram showing marked arterial obstruction. (D) Preoperative pulmonary perfusion scan showing 


deficit in arterial flow to left lung and right lower lobe. 
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Fic. 11D. See legend for figure 11. 


do not resolve but rather become fibrotic and are 
densely adherent to the arterial wall. The factors which 
cause some emboli to remain permanently in the pul- 
monary arteries remain unclear. The usual course of Fic. 12. Case 4. (A) Postoperative chest film. (B) Postoperative 
lysis of the emboli is thought to ke ihe resit- OF =_e E eium. improved pulmonary blood flow to left lung 
ollowing embolectomy. 

naturally occurring thrombolysins in the blood, which 
are known to occur in man and in animals. In patients 
with chronic embolism, it is also possible that the 
emboli arising from a distant source are olderthanusual | 
with considerable fibrotic organization by the time of 
embolization to the lung. It is also possible that the 
naturally occurring thrombolysins function inade- 
quately, thus permitting the embolus to become ad- 
herent rather than following the usual course of 
resolution. 

In 1928 Lungdahl described two women, one aged 38 
and one 51, who had suffered from three to 8 years 
with symptoms of dyspnea, cyanosis, and palpitation.? 
Ultimately, both died with right heart failure, and 
at autopsy chronic pulmonary arterial obstruction was 
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Fic. 13. Case 4. (Left) Photograph taken at operation showing right pulmonary artery and impacted embolus. (Right) Arteriotomy site after 
placement of pericardial graft on right pulmonary artery. 
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Fic. 14. Case 4. (A) Speci- 
men removed at the time of 
operation. (B) Photomicro- 
graph of chronic embolus. 


found with marked dilatation of the proximal main 
pulmonary artery. Lungdahl also noted the increased 
vascularity of the bronchial circulation and the fact 
that the lungs were free of infarction. He emphasized 
that it was likely that the obstruction was due to pul- 
monary emboli rather than to the previously held con- 
cept that in patients with cor pulmonale the process 
was one of primary thrombosis of the pulmonary artery. 
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In 1935 Brenner reported a systematic study of the 
pulmonary vasculature and attributed numerous 
changes in the pulmonary vessels as being due to pul- 
monary embolism.? In a thorough review of the sub- 
Ject and report of five additional patients in 1950, 
Carroll described the clinical features of chronic pul- 
monary embolism and made a diagnosis of this syn- 
drome prior to death. The diagnosis was confirmed in 
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TABLE 2. Pulmonary Function Studies before and after 
Embolectomy for Chronic Pulmonary Embolism in a 
Patient Followed for Eight Years 


2 wks. 9 mos. 8 yrs. 
Normal Preop. postop. postop. postop. 
a re 
Vital capacity (1) 4.63 3.01 2.42 3. i 3.49 
Residual volume 
(1) 1.45 2.81 1.70 1.43 2.19 
Total lung 
capacity (1) 6.08 5.82 4.12 4.64 5.69 
FEV, (l/sec.) 3.82 2.38 1.92 2.62 2.5] 
PaCO, (mm. Hg) — 31 33 38 34 
PaO, — 65 77 76 83 
Arterial pH — 7.50 7.44 7.41 7.48 
A-V O, gradient — 5] 39 30 — 
Physiologic dead 
space (ml.) 150 295 207 185 — 
Pulmonary artery 
pressure (mm. 
Hg) — 75/20 40/30 — 35/14 


BERN. 0G Eee 


this patient at thoracotomy with opening of the pul- 
monary artery with demonstration of a chronic embolus 
by biopsy.’ 

In a review of the clinical and diagnostic aspects of 
chronic recurrent pulmonary embolism, Fleischner 
emphasizes the increased radiolucency of the vascular 
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Fic. 15. Graph indicating changes in arterial Po, preoperatively 
and postoperatively. 
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markings which are sometimes apparent on the chest 
film.» The clinical manifestations may begin with a 
definite illness such as encountered with acute pul- 
monary embolism, while in other patients the onset is 
insiduous and is often difficult to date precisely. Such 
a course is characterized by progressive pulmonary 
insufficiency manifested by increasing exertional dysp- 
nea. The disorder may affect relatively young indi- 
viduals in the second, third, and fourth decades and 
may occur following childbirth. While evidence of 
thrombophlebitis in the legs was present in all the pa- 
tients in the present series, in other reports the inci- 
dence of such clinical manifestations is not as great, 
usually representing about half or less the patients 
described. 

The first successful pulmonary embolectomy for 
chronic embolism was reported in 1958.' Twelve pa- 
tients have been reported in whom pulmonary embolec- 
tomy was performed for this syndrome, which together 


with those in the present series brings the total to 18. 


(Table 3),1:4/6-8,10—14 

In reviewing the literature and from data in the pres- 
ent study, it is apparent that patency of the distal 
pulmonary arterial circulation is a key determinant to 
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Fic. 16. Graph illustrating changes in systolic pulmonary arterial 
pressure preoperatively and postoperatively. 
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TABLE 3. Embolectomy for Chronic Pulmonary Embolism. Review of Literature 


Back-bleeding from distal 


Author Date of operation Site of obstruction Result pulmonary artery at operation 

Hurwitt et al.* 1957 Bilateral Died Not mentioned 
Allison et al.! 1958 Bilateral Improved Not mentioned 
Snyder et al." 1961 Right PA Improved Good 
Houk et al.’ 1961 Bilateral Improved Not mentioned 
Moser et al.!” 1962 Right PA Improved Good 
Frater et al.® 1963 Bilateral Improved Good 
Moser et al.!? 1964 Bilateral Died None 
Scannell (Castleman)* 1964 Bilateral Died None 
Makey et al.!? 1965 Left PA Improved Good 
Scott (personal communication) 1965 Bilateral Died Not mentioned 
Nash et al." 1966 Left PA Improved Good 
Moser and Braunwald” 1970 Bilateral Improved Good 
Present series 1968 Bilateral Improved Good 

1970 Right PA Improved Good 

1971 Left PA Improved Good 

1976 Bilateral Improved Good 

1976 Bilateral Improved Good 


1976 Bilateral Unimproved Poor 


the continuing patency of the pulmonary artery after 
embolectomy. The lung receives two sources of blood, 
that from the pulmonary artery and that from the 
bronchial arteries (Fig. 17). Itis clearly the latter which 
functions to maintain patency of the pulmonary arterial 
circulation distal to a proximal occlusion by a chronic 
embolus. Thus, the anastomoses of the bronchial ar- 
teries with the distal pulmonary arteries permit the 
smaller pulmonary vessels to remain patent. This situa- 
tion is further improved if the bronchial circulation 
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Fic. 17. Diagrammatic illustration of pulmonary circulation. The 
bronchial artery communicates with the pulmonary arterial circula- 
tion distally. If occlusion is present in the proximal portion of the 
pulmonary artery, the communications between the bronchial circu- 
lation and the pulmonary arterial channel permit the distal arterial 
bed to remain patent. Thus, at the time of embolectomy, bright 
red arterial blood can be demonstrated to flow retrograde through 
the pulmonary arteriotomy in patients with increased bronchial 
circulation. 


becomes augmented following proximal occlusion of 
the main pulmonary arteries. By injection of contrast 
medium into the thoracic aorta, the increased bronchial 
circulation can be documented (Fig. 18). Thus, among 
the 12 patients previously reported who had a favorable 
clinical response following embolectomy, all had good 
back-bleeding with the exception of one patient in 
whom this feature was not mentioned in the operative 
report. Contrariwise, in the four patients who died 
following embolectomy, the back-bleeding was either 
poor, non-existent, or not mentioned. From these data, 
itis apparent that back-bleeding becomes a very impor- 
tant feature in the prolonged patency of the pulmonary 





Fic. 18. Thoracic aortogram showing dilated intercostal which 
communicates with bronchial vessel indicating marked increase of 
bronchial blood flow in this patient with occlusion of the left 
main pulmonary artery. 
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Post-op Ventilation Scan 


Fic. 19. Regional ventilation and perfusion were measured using xenon-133 in Case 5 before and after removal of a chronic pulmonary 
embolus from the right pulmonary artery. The preoperative perfusion scan (A) shows greatly diminished perfusion of the right lung and of 
the left lower lung. A concomitant ventilation scan (B) shows decreased ventilation of the right lung at the left lung base. The post- 
operative perfusion scan (C) shows blood flow to be evenly distributed throughout the right lung. No significant alteration has been 
observed in the left lung from which thrombus could not be removed. The postoperative ventilation scan (D) shows an increase in ventilation > 


of the right lung associated with return of pulmonary arterial perfusion. 


artery following embolectomy. Of further interest is the 
fact that the time between onset of symptoms and em- 
bolectomy does not appear to be related to success of 
the operation. For example, Moser and Braunwald 
reported a 69 year old patient with extensive embolic 
obstruction of the pulmonary arteries, which was 
thought to have been present for 10 years. Following 
embolectomy, the patient experienced a marked im- 
provement in pulmonary function with return to normal 
activity." 

In summary, chronic pulmonary embolism may lead 
to severe pulmonary insufficiency and cor pulmonale. 
An objective diagnosis can be established by demon- 
stration of a low arterial oxygen saturation, pulmonary 
hypertension, and pulmonary arterial obstruction. Pul- 
monary embolectomy has been shown to be effective in 
restoring blood flow to the previously occluded vessel 


with return of pulmonary function toward normal. 
Good back-bleeding from the distal pulmonary artery 
at the time of embolectomy is usually present and is 
a highly favorable sign that the artery will subsequently 
remain patent (Fig. 19). Follow-up studies extending 
more than eight years demonstrate the beneficial results 
of embolectomy in patients with chronic pulmonary 
embolism. 
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DISCUSSION 


DR. ALTON OCHSNER (New Orleans, Louisiana): My reason for 
speaking this morning— I'd like to bring us a historical fact. I was 
present at the presentation of the first successful pulmonary em- 
bolectomy in 1924, when Kirschner presented it before the German 
Surgical Congress. I was an exchange surgical resident in Frankfurt- 
am-Main at that time. 

AS you know, Trendelenburg had described the operation in 1908, 
and it had been done rather sporadically by the Germanic and 
Scandinavian surgeons, but never successfully until Kirschner, 
who was at that time at Danzig, had done a pulmonary embolec- 
tomy on a young women four months before she was presented to 
the German Surgical Congress. 

I have never seen a more electrified audience than that audience 
was. This patient was presented as a patient who had been brought 
back from death. 

Immediately, there was a tremendous renewed interest in pul- 
monary embolectomy, and I don’t know whether other clinics did; 
in the clinic at Frankfurt, in an individual who was a candidate for 
a massive pulmonary embolism—and this is an individual who has 
had a previous pulmonary embolism. The so-called "Trendelenburg 
set" was moved into the patient's room. and a member of the surgical 
staff would remain there. waiting for the patient to die. I was the 
youngest man on the totem pole, and it was usually my job to stay 
there all night, waiting for this patient to die. Most of them didn't. 
fortunately. 

But when they did have a massive pulmonary embolism, word 
was sent out for the crew, and because most patient's didn't 
require any anesthetic— they were unconscious— we were able 
to successfully do pulmonary embolectomies at that time, in the 
patient's bed. 

At that time, we didn't know that most of these emboli came 
from the veins of the lower extremity and/or pelvis. When we 
subsequently learned this, it was then that I began doing super- 
ficial femoral vein ligations, and we were successful in a large per- 
centage of them. But because we had 11 cases at the Charity Hospital 
who subsequently had fatal pulmonary embolism following super- 
ficial femoral vein ligation, we did cava ligations, and have done 
them since. 

It is the simplest procedure. It's the easiest. It takes about 10 
minutes to do, and it’s life-saving. This operation should never be 
considered except as a life-saving procedure. 

I was very much interested in Dr. Greenfield's presentation 
this morning. Our experience with the clips has been that the sequelae 
have been worse following partial interruption than following 
total interruption. We think this is due to the fact that if one ties 
the cava, one increases the venous pressure distally, which acts as 
a deterrent to the detachment of the remaining thrombus. and 
also a stimulus to the development of collaterals. If one does a 
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partial interruption, there is no increased venous pressure. There is 
no deterrent to detachment of the clot, no stimulus to the develop- 
ment of collaterals. 

If a clot does break off and is stopped by the clip, or the grid, it is 
likely to produce a massive thrombosis. We have had two cases in 
which thrombectomy was necessary following caval interruption, 
and both of these were after the application of clips. We have never 
observed this in over 400 caval ligations. 


DR. PANAGIOTIS N. SYMBAS (Atlanta, Georgia): A few years 
ago we reviewed our experience with chronic pulmonary artery 
obstruction. Two of our four patients then complained mainly of 
repeat sizeable hemoptysis. I would like to present one of them, 
make a couple comments, and ask a couple questions. The chest 
X-ray of this lady showed loss of lung volume on the right side. The 
pulmonary arteriogram demonstrated block of the right main pul- 
monary artery and the aortogram showed new systemic arteries in- 
vading the right lung. At thoracotomy for pulmonary artery thrombo- 
embolectomy, the embolus was well organized and densely adherent 
to the arterial wall. As a result, we were unable to separate it from 
the wall of the artery. Because of the repeat hemoptysis, pneumonec- 
tomy was performed. Sections of the lung showed also well organized 
emboli in the right distal pulmonary arterial tree. In view of this 
experience and of the existing knowledge that after three months, 
the likelihood of resolution of major pulmonary artery obstruction is 
very small, we feel first, that if major pulmonary embolus has not 
resolved over three or four month period, embolectomy is desirable 
to be attempted and, second, when enlarged systemic arteries from 
the aorta invading the involved lung are demonstrated in aortog- 
raphy, perhaps it is too late for successful embolectomy. I would 
like to ask Dr. Sabiston and his associates, first, how long they 
will wait for the resolution of large pulmonary artery embolus before 
they will consider it chronic and performed embolectomy and, 
second, beyond what length of time they feel embolectomy for 
chronic pulmonary embolus is not technically feasible to be done. 


DR. LAZAR J. GREENFIELD (Richmond, Virginia): The imaging 
is a beautiful technique. However, most of us without it have to 
rely on pulmonary arteriograms; and I wonder if there are some 
clues on the arteriogram that might be of assistance in selecting a 
patient appropriately for this procedure. 

Also, l'd be very interested in further hemodynamic data, in 
terms of the pulmonary vascular resistances in the course of the 
patients afterwards. I think it's particularly important to realize 
that a resolution of major embolic disease is often incomplete; 
that these patients carry a great deal of pulmonary hypertension. 
which may be unsuspected. And if this technique reverses the 
pulmonary hypertension, then I think it has certainly made a 
substantial difference in that patient's outlook. 
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It would be of interest, then, to know the follow-up hemo- 
dynamic data, the follow-up arteriograms, as well as the levels of 
oxygenation. 


Dn. RoBERT JONES (Closing discussion): Dr. Ochsner, we appre- 
ciate your refresning our memory about the interplay between 
these scientific observations and the previous experimental work 
done by Trendelenburg. He demonstrated to the Surgical Congress 
in Germany in 1908 the heart of a calf that had survived following 
pulmonary embolectomy, and, of course, led to the ultimate con- 
tribution by Kirschner of performing this feat in the human. 

We appreciate your contributions to this discipline over the 
past years, and also reflect upon the fact that it was this disorder 
that led Dr. John Gibbon to development of cardiopulmonary 
bypass, which has made such a contribution to the general field 
of surgery. 

Dr. Symbas, we were very interested in your patient with 
hemoptysis. One of our 6 patients presented with massive 
hemoptysis, requiring 6 units of transfusion before she stabilized. 
She stopped bleeding and we operated on her at an elective time. 
We were able to remove her thrombus, and the artery has been 
documented to remain patent. 

We know of no way to predict prior to operation a situation 
where the thrombus might be so densely involved with the wall 
of the vessel that it could not be removed. We are looking 
at methods in the laboratory to assess bronchial blood flow, and 
perhaps this will give us some further clues. 

Dr. Greenfield, thank you for your comments. All of the patients, 
as was noted in the presentation, had a decrease in the pulmonary 
artery pressure and a fall in pulmonary resistance, except for the last 
patient, which had no back-bleeding demonstrated at the time of 
operation. The Po, similarly has increased in these patients. 
The longest follow-up. as was mentioned, was 8 years, with this 
degree of improvement. 
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We would like to be able to predict by some method those patients 
who are the small group of the large number of patients who have 
pulmonary embolus who will fail to resolve their embolus completely. 
However, we at present are not able to understand why these few 
patients fail to resolve the embolus. Perhaps there is some as yet 
undemonstrated defect in fibrinolysis in the lung. Perhaps it has to 
do with the fact that the clot was more mature and well organized 
at the time it migrated to the lung. Or perhaps the clot incited an 
excessive amount of in-situ thrombosis. 

Until we can predict these patients who will not lyse their 
clot completely, we feel it is imperative to perform serial docu- 
mentations of pulmonary perfusion in all patients who sustain à 
major pulmonary embolus, to document the return of blood flow, 
and recognize those patients early who will fail to resolve the 
embolus. 

The noninvasive nature of the lung scan makes it well suited 
for serial documentation, and within one month 90% of patients 
will have nearly normal pulmonary perfusion. If by three months 
the study shows no improvement in perfusion, this group of patients 
would merit further evaluation, with consideration for pulmonary 
thrombectomy. 

(Slide) Although the standard lung scan is adequate, a quantita- 
tive ventilation and perfusion scan with numeric data permits one to 
objectively measure the return in function. This example is one of 
our patients who has bilateral perfusion defects, greatest on the 
right, with only 31.5% of the total blood flow in the right lung. 

The ratios of perfusion and ventilation show decreased perfusion 
and a concomitant, although less severe, decrease in ventilation, 
reflecting the physiologic adjustment of the distribution of air and 
blood within the lungs. 

By this serial measurement one may objectively document the 
return of function, and recognize those patients who may be 
candidates for pulmonary embolectomy. We feel that our data show 
that patients with chronic pulmonary embolism will have restoration 
of pulmonary function by this procedure. 
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Twenty-six consecutive patients underwent combined aortic 
valve replacement and myocardial revascularization at the 
Emory University Affiliated Hospitals between May, 1973 and 
March, 1976. Acute myocardial infarction resulted in two 
operative deaths (8%). There have been four late deaths, all 
Class IV preoperative. The age range was 37 to 79 years 
with an average age of 60. Preoperatively all patients were 
Class IV or late Class III. Twenty-three patients had symptoms 
of angina pectoris; congestive heart failure was evident in 
56%. Postoperatively, 70% are now Class I or II. Single 
coronary bypass was performed in 16 patients, double in 6, 
and triple in three. Double bypass plus mitral valve 
replacement was required in two with aneurysmectomy in one. 
The rate of intraoperative infarction was 27% for the series 
but only 7% in the last year. The methods of intraoperative 
myocardial preservation and the technical approach for the 
operative procedures were variable. Results with each method 
are correlated, and currently preferred techniques are 
presented and discussed. 

Best results were obtained in patients who presented early 
in their symptomatic course with isolated proximal coronary 
lesions and good runoff vessels. Excellent results could be 
achieved despite advanced age of patients, requirement for 
multiple bypass grafts, and correction of other associated 
cardiac lesions. Poorest results were obtained when long- 
standing ventricular failure was combined with poor vessels 
distal to coronary stenoses. i 


HE MARKED LEFT VENTRICULAR hypertrophy and 
T increased ventricular pressure-work associated 
with advanced stenotic and/or regurgitant lesions of the 
aortic valve make patients with these lesions 
susceptible to myocardial infarction. particularly so if 
significant coronary artery disease is present.!? [t is 
now routine practice to perform left heart catheteri- 
zation and coronary angiography in patients with aortic 
valve disease who have experienced angina pectoris. 
When these studies demonstrate significant (greater 
than 70%) obstructive lesions of one or more coronary 
arteries in addition to the aortic valve disease, it 
has seemed reasonable to recommend the combined 
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procedure of aortic valve replacement and coronary 
bypass(es). Such combined procedures have resulted in 
increased surgical mortality and perioperative in- 
farction when compared to isolated aortic valve re- 
placement and coronary bypass surgery performed 
without valve replacement." Recent modification in 
Operative technique and improved methods of myo- 
cardial preservation have reduced these complications 
and justify continued clinical application of con- 
comitant aortic valve replacement and coronary artery 
surgery. 

Our experience at Emory University with 26 con- 
secutive patients having concomitant aortic valve 
replacement and myocardial revascularization during 
the recent 36 month period is the subject of this 
report. 


Materials and Methods 


Twenty-six consecutive patients underwent con- 
comitant aortic valve replacement and coronary 
bypass at Emory University Hospitals from July 
1973— April 1976. There were 19 males and 7 females 
in the group, ranging in age from 37 to 79 years; 
the mean age was 62 years. Twenty-one patients had 
evidence of left ventricular hypertrophy by chest 
X-ray and electrocardiogram. Angina pectoris was 
present in 20 patients. Twelve patients had congestive 
heart failure and 9 patients had experienced syncope. 
Pre-operatively, 12 patients were in New York Heart 
Association (NYHA) Class IV, 12 were in NYHA Class 
III, and two in NYHA Class II. The valve lesion was 
aortic insufficiency in 6 patients, aortic stenosis in 
6 patients and combined stenosis and insufficiency in 
14 patients. 

The operative procedures are presented in Table 1. 
Seventeen patients required a single bypass at the 
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TABLE 1. AVR + Coronary Bypass 


Operative Procedures Concomitant Procedures 


AVR + Single CAB 17 patients MVR 2 patients 
AVR + Double CAB 6 patients LV Aneurysm | patient 
AVR + Triple CAB 3 patients 


time of aortic valve replacement. Of the single vessels 
grafted, 8 were the right coronary artery and 9 were 
the left anterior descending coronary artery. Six 
patients required bypass of two coronary arteries 
and three required bypass of three coronary arteries. 
Two patients also required mitral valve replacement 
and one patient had replacement of the aortic 
valve, triple coronary bypass and resection of a 
ventricular aneurysm. The prosthetic aortic valves 
employed were Starr-Edwards— 2; Bjork Shiley — 13; 
Hancock bioprosthesis— 11. 

All procedures were performed utilizing cardio- 
pulmonary bypass and moderate systemic hypothermia 
by techniques which have been described earlier." 
Addition myocardial protection techniques originally 
varied with each individual surgeon and consisted of 
the following: perfusion of both coronary ostia (CRH), 
selective intermittent left coronary ostial perfusion 
combined with local profound hypothermia (ELJ), 
or local profound hypothermia with potassium arrest 
without perfusion (JMC). Perfusion via completed 
distal coronary grafts was occasionally employed 
when left main coronary stenosis was present and the 
surgeon preferred perfusion. Intraaortic balloon pump- 
ing (IABP) was not utilized preoperatively in this 
series. As the series developed, there was an in- 
creased utilization of local profound hypothermia and 
potassium arrest and decreased coronary artery 
perfusion. 


Results 


Twenty-four patients were early survivors. Their 
functional improvement is presented in Table 2. All but 
two patients improved at least one classification and 
20 (78%) became NYHA Class I or II. The two 
patients who remained in Class IV were in intractable 
congestive heart failure pre-operatively and post- 


TABLE 2. AVR + Coronary Bypass 


MENU 


Clinical Improvement 
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NYHA Pre-op Post-op Op Mortality 
Class I 12 

Class Il 2 8 

Class III 12 2 

Class IV 12 2 2 
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TABLE 3. AVR + Coronary Bypass 
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Intraoperative Infarction 


Incidence: 7 of 26 = 27% patients 


1973 3/3 total patients 
1974 3/7 total patients 
1975-76 1/16 total patients 
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operatively their congestive heart failure could be 
controlled medically. 

There were two operative deaths (876); both second- 
ary to massive intraoperative myocardial infarction. 
There were four late deaths (6 months to three 
years postoperatively). Two deaths were related to 
chronic valvular heart disease, one resulted from 
intracranial hemorrhage in a patient not anticoagulated, 
and one was due to chronic pulmonary insufficiency. 
All deaths, both early and late, occurred in patients 
who were NYHA Class IV pre-operatively. Intra- 
operative infarction occurred in 7 patients (27%) 
Table 3. In 1973, three of three patients undergoing 
the combined procedure sustained acute infarction. 
In 1975-76. infarction rate was reduced to one 
of 16 patients (6.7%). Infarction occurred in five 
patients having aortic valve replacement and single 
coronary bypass and in two patients having aortic 
valve replacement and double coronary bypass grafts. 
The infarctions were of hemodynamic significance in 
the two operative deaths and in two other patients 
who required IABP support post-operatively. The 
other three infarctions were noted as changes of new 
'*Q-waves" on the post-operative electrocardiogram. 
There has been no incidence of late myocardial 
infarction. 


Discussion 


The prevention of ischemic myocardial injury during 
replacement of the aortic valve remains a critical 
determinant in obtaining a successful early and long- 
term result. The reported incidence of perioperative 
myocardial infarction in all patients undergoing aortic 
valve replacement without knowledge of their coronary 
artery status in our Hospital and other centers was 
3—6% (5,14,15). However, when a group of patients 
with similar lesions of the aortic valve were 
separated according to the presence or absence of 
severe coronary artery disease, there was a higher 
operative mortality and higher perioperative myocar- 
dial infarction rate in those patients who required 
concomitant valve replacement and bypass graft 
surgery. There has been no report of patients 
with aortic valve disease and significant coronary 
artery disease who have undergone only aortic valve 
replacement, but one may conjecture that their 
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operative risk would parallel or exceed those patients 
who have combined procedures and that their long 
term clinical result would likely be limited by their 
untreated coronary artery disease. 

While the operative mortality (8%) for combined 
aortic valve replacement coronary bypass grafting in 
this series compares favorably with rates reported 
from other centers,^99:? the incidence of peri- 
operative infarction (27%) was higher. This is due 
to a very high incidence of perioperative infarction 
observed in the early experience covered by this 
report. Recognition of the limitations of coronary 
perfusion techniques in protecting the hypertrophied 
myocardium in the presence of coronary artery disease, 
the avoidance of ventricular fibrillation of the hyper- 
trophied ventricle, and the implementation of alter- 
native techniques for myocardial protection have 
reduced our operative infarction rate to 6.3% (one of 
16) in the past year. 

Our current preferred program for combined aortic 
valve replacement and coronary bypass grafting 
utilizes anoxic arrest with myocardial protection pro- 
vided by local epicardial and endocardial profound 
hypothermic lavage.’ potassium induced cardioplegia, 
and prompt cardioversion to a conducted rhythm when 
coronary perfusion is re-established either via aortic 
root closure or completed distal grafts. 

The avoidance of ventricular fibrillation reduces 
damage to the jeopardized subendocardium of the 
hypertrophied heart. This injury has been demon- 
strated to result from the selective shunting of 
coronary blood flow to the epicardium and away from 
the subendocardium during ventricular fibrillation; 
this effect is particularly evident in the presence 
of ventricular hypertrophy.? It is inappropriate to 
rely on coronary perfusion for myocardial protection 
in patients with coronary artery disease since major 
areas of myocardial ischemia may develop secondary 
to perfusion deficits distal to the obstructed coronary 
vessels. Potassium induced arrest has been shown to 
reduce the metabolic oxygen demands of myocardial 
cells and thereby affords significant myocardial pro- 
tection until the aortic valve is replaced and proper 
perfusion via new grafts provided.*-!! Spencer and 
colleagues on a recent report corroborate this 
benefit for isolated aortic valve replacement and 
note improvement in operative results and in left 
ventricular function by utilizing potassium induced 
arrest. ‘S 

Long term benefit of concomitant correction of aortic 
valve disease and critical coronary stenosis is demon- 
Strated by 19 of 20 (95%) long term survivors 
functioning in New York Heart Association Classifica- 
tion I or II. Only one patient has experienced 
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recurrent angina pectoris and this angina has been 
easily controlled with medical management. The 
observation that all deaths. early and late, were 
confined to Class IV patients and that all Class I] 
and III patients have obtained excellent clinical 
results support the more aggressive approach with 
early surgical intervention in these individuals whose 
hypertrophied ventricles are particularly vulnerable to 
ischemic injury. 


Summary 


Concomitant aortic valve replacement and myo- 
cardial revascularization was performed in 26 patients 
with an acceptable operative mortality and significant 
functional improvement. There was no early or late 
mortality in patients in NYHA Class II and III, 
suggesting a need for earlier surgery in patients with 
combined valvular and coronary artery disease. 
The importance of intraoperative myocardial protec- 
tion was emphasized. Conclusion all critical coro- 
nary artery obstruction should be bypassed at the 
time of aortic valve replacement. 
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DISCUSSION 


Dn. Watts R. WEBB (Syracuse, New York): I would certainly 
like to commend Dr. Hatcher and his associates for a very 
beautiful presentation, and this real advance in aortic valve 
disease. There is no doubt, as we look back some years 
ago, when we did not have coronary arteriography and 
coronary vascularization at our command, we had a number of 
patients in whom we would replace an aortic valve, but they 
would die in the postoperative period because of coronary 
arterial insufficiency. 

We would operate on them with angina, thinking that if we 
could relieve the workload of the heart, they probably would 
be better, even though they might have some coronary arterial 
stenosis. 

This group, as we reviewed our experience, accounted for a 
large number of the deaths, and they would die of myocardial 
infarction, either early or late. 

More recently, with the experience of revascularization of 
the heart at the time of replacement of the aortic valve, 
we have found that experience is much better in this particular 
group, It’s not as good, obviously, as those that do not 
need revascularization, because this group has had previous 
infarction, and they are sicker, in general, than straightforward 
aortic valve replacement alone. 

Our experience is with some 33 aortic. valve replacements 
with concomitant revascularization, 9 of these with multiple 
grafts. Two of them required mitral valve replacement at the 
same time, and two of them had aneurysms. 

In this group there have been five early deaths, for a 15% 
mortality rate—a good deal higher than just aortic valve 
replacement alone—and two late deaths. 

There are many problems, because we are truly extending 
the indications for aortic valve replacements. And I think that 
Dr. Hatcher very properly emphasized the necessity for carefully 
protecting the myocardium during the time of operation. We 
do this by carefully planning the sequence in which we're 
going to do the valve replacement or the grafts, in order to 
afford the absolute minimal ischemic and cross-clamping time. 
We try to minimize fibrillation time. if there has to be such 
in any one of these. And more recently, as he has, we have gone 
to utilizing not only the deep hypothermia, but also the 
metabolic inhibition along with it. And certainly our difficulty 
with myocardial infarction or in restarting the heart post 
bypass has been substantially reduced by this. 


Dn. MARTIN L. DALTON JR. (Lubbock, Texas): Dr. Hatcher's 
excellent presentation has focused our attention on a serious 
problem in cardiac surgery today; namely, that of operating 
upon the patient who has severe compromise in his left 
ventricular function. 

We have operated on 12 patients with concomitant coronary 
bypass and aortic valve replacement, and have two deaths early, 
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none late. for a 16% operative mortality. Like Dr. Hatcher's 
all of our patients were Class 3 or 4. The two deaths were 
both well into Class 4, if not Class 5, as some of our clinical 
anesthesiologists refer to them. 

We believe the reason for this relatively high mortality rate 
is the compromised left ventricular function. 

For comparison, I would like to show another group of con- 
comitant patients, those in our series who have had concomitant 
coronary bypass and noncardiac surgery. 

(Slide) Most of these patients, as you would suspect have had 
concomitant vascular surgical procedures, predominantly carotid 
endarterectomy, as presented by Dudley Johnson in 1972. 

(Slide) We have had some other interesting patients, including 
pulmonary carcinomas and one colon carcinoma, and more 
recently a renal cell carcinoma operated upon concomitantly. 

(Slide) A few with hiatus hernia, for reasons of differen- 
tiating coronary pain from hiatus hernia pain. We repaired 
them both at the same sitting, and these patients have done 
very well. 

(Slide) We have had 57 patients with 60 additional noncardiac 
concomitant surgical procedures, and in comparing this with 
our total group, we find no increase in mortality or morbidity. 

Thus. we feel that coronary bypass can be safely combined with 
most other operative procedures. The chief determinant or survival 
remains that of left ventricular function. 


Dn. Josep M. CRAVER (Closing discussion): Dr. Webb, we 
appreciate the information that you brought forward, and feel that the 
series very clearly supports what we have. 

Dr. Dalton, thank you for the additional information on noncardiac 
concomitant surgery. This is something that we haven't done, with 
the exception of the carotids. With concomitant severe disease in 
both areas, often patients can't tolerate surgery on either organ 
safely, without fixing both. In that particular situation we found it 
helpful to stabilize the hemodynamics by using the intraaortic balloon 
preoperatively, proceeding with the carotid endarterectomy first, and 
then correction of the cardiac defects, using cardiopulmonary 
bypass. This is a very minor number in our over-all experience, and 
we would certainly defer to other centers who have much larger 
experiences. 

If I could make one comment additionally about myocardial 
protection, concerning the one death we had in the last year and a 
half. this was a patient who died while we were formulating our ideas 
about how to best protect the heart. At that time we were trying to do 
both coronary perfusion and local myocardial hypothermia. This 
apparent armchair solution turned out to be not very good, in that you 
obtain the optimal benefits of neither, and have trouble from both. 
The heart persisted in a fibrillation state, due to the coronary 
perfusion, and we were unable to lower the intramyocardial 
temperature down to the 15 degrees or so we get routinely with the 
local profound hypothermia alone. 

So we encourage people who do this combined program to go one 
way or the other with their protection. 











Cutting into the human body triggers several 
hemostatic mechanisms... including an in- 
crease in blood coagulation factor activity. 
While the post-surgical patient is bed- 
ridden, this hypercoagulability some- 
times causes clotting in blood pooled in 
the major muscles of the lower limbs. This 
is deep vein thrombosis, and it can be 
avoided in the vast majority of 
patients by preventing blood pooling 
and reducing the defensive hyper- 
coagulability triggered by surgery. 
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A safe, non-invasive physical tech- 
nique has been developed in Europe to 
simultaneously improve lower limb circulation and 
increase the body's natural fibrinolysis. This technique is 
pneumatic intermittent compression (p.i.c.), a physical simu- 
lation of the act of walking. 


During walking, the calf muscles alternately compress the 
right and left lower-leg venous masses. This intermittent 
compression is accurately simulated by the firm, alternating 
pressure of the Berkeley-Flowtron pneumatic intermittent 
compression system. The benefits of p.i.c. include 
both elimination of pooling (1, 2, 3) and stimulation 
of fibrinolysis (4, 5). 


Berkeley-Flowtron 
Intermittent Compression 
System 
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Deep vein thrombosis * 
is a preventable 
complication of surgery. 





The human body was designed to be ambulatory. 
And the benefits of simulated ambulation are not 
limited to prevention of post-surgical deep vein 
I» thrombosis. Pneumatic intermittent compression is 

also a safe, non-invasive technique for the preven- 
tion or reduction of edema associated with venous 

or lymphatic insufficiency (6). The circulation and 
general physical well-being of any bedridden patient 
can benefit from daily therapy with the Berkeley- 
Flowtron system, and the device is inexpensive enough 












| ($395), simple enough (Slip on boots or arm cuffs, 


turn one knob), and quiet enough (virtually inaudible) 


a TNR to be applied during nursing home or at-home 


convalescence from major surgery. 


E 


References 
1. Hills et al: Prevention of deep vein thrombosis by intermittent pneu- 
matic compression of calf. Brit Med J 1:131-135. 1972 


2. Clark et al: Pneumatic compression of the calf and postoperative 
deep-vein thrombosis Lancet 3:5-7, 1974 


J.Leeetal: Non-invasive prevention of deep vein thrombosis 
Amer Fam Phys 14 128-134, (Nov) 1976 


4. Knight M, Dawson R: Effect of intermittent compression of the armson 
deep venous thrombosis in the legs Lancet: 1265-1267, (Dec) 1976 


5. Allenby et al: Effects of external pneumatic intermittent compression 
on fibrinolysis in man Lancet: 1412-1414. (Dec) 1973 


6. McNair et al: Intermittent Compression for lymphoedema of arm 
Clin Oncology: 330-333. (Aug) 1976 


For a comprehensive brochure/bibliography, write, 
phone (800-227-0591, toll free) or return the coupon. 


Berkeley Bio-Engineering 
600 McCormick Street, San Leandro, CA 94577 
(415) 568-6800 
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compression O as prophylaxis against 
deep vein thrombosis, D in the 
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' ANAEROBIC INTRA-ABDOMINAL — . 
INFECTIONS: T 


A MATTER OF MORBIDITY AND MORTALITY 








Beware the breached bowel 


Today, it is recognized that a majority of postoperative 
wound infections of the gastrointestinal tract are 
caused by contamination of the operative wound by 
endogenous organisms. When the bowel is opened by E 
trauma, disease, or surgical manipulation, the 
organisms may gain access to the wound. Often, 
anaerobic fecal microorganisms are the cause of these 
infections. Even where visible spillage of contaminated 
bowel contents does not occur, the rate of sepsis in 
"clean contaminated" wounds is three times 
higher than in wounds contaminated only 
by bacterial fallout from the 
environment. 





E T 
e 
ae 


m 


TAN 
ANS 


Anaerobic fecal microor 
ority of postoperative abdominal wound in 
es fragilis, clostridia species, and anaerobic cocci. 
erobic sepsis characterized by peritonitis and abscess 
arts between the seventh an 
intra-abdominal infections are associated with a 
morbidity resulting in hospitalizati 


anaerobic as well as the aerobic pathogens that are present. 


g 
Summary ^^ 
culprits are Bacteroi 
e dk Intra-abdominal ana 
ES formation usually st 
As part of the total management o 
antibiotic therapy should incorpo 
The anaerobic trilogy 
In virtually all intra-abdominal 
infections, there is a recurring trilogy 
of anaerobes that are seen either 
singly or in combination, often mixed 
Ls with aerobes. 


This trilogy is composed of 
Bacteroides fragilis, clostridia 
Species, and anaerobic cocci, 
particularly peptostreptococci and 
peptococci. In studies, B. fragilis has 
been isolated from 65% of intra- 
abdominal infections, clostridia in 
60%, and anaerobic cocci in 32%. 


In sepsis, the seventh 
postoperative day 
can be significant 


The common wound 
infections caused by aerobic 
organisms typically develop 
£ Clinical signs 
around the 

} fifth to seventh 
J postoperative 
day. Sepsis 


“a oe oD Caused by 
ptm anaerobic micro- 
' Sms occurs later in the post- 


9perative period, usually between 
the seventhand tenth days. An intra- 
abdominal wound abscess that 
OCCUrS weeks to several months 
postoperatively is almost always 
due to anaerobic microorganisms, 
often together with facultative 
bacteria. 














Clinical evidence 
of infection important 


The mere presence of aerobic or 

. anaerobic bacteria in an operative 
Incision is not synonymous with 
clinical infection. The differentiation 
between bacterial contamination and 


wound infection is a clinical decision. 
Evidence of wound sepsis includes 
wound tenderness that increases 
progressively in severity. Initially 
there is fever without spikes, but 
often spiking occurs in the afternoon 
Or S returning to normal by 
morning. It is important to emphasize 
that a positive anaerobic culture with- 
out clinical signs is not an infection. 


Clinical course 
of anaerobic infections 


The first event in an anaerobic 
intra-abdominal infection is either 
generalized or localized peritonitis. 

If the patient survives early peritonitis, 
the usual progression is walling off of 
the infection, and abscess formation. 
These collections of pus can be 
located intraperitoneally, retro- 
peritoneally, or within the viscera. 
Whether in the early peritonitis stage 
or in the later abscess stage, culture 
of purulent material yields anaerobes 
in the majority of cases. In fact,90% 
to 96% of intra-abdominal infections 
occurring with bowel perforation 
have been reported to be associated 
with anaerobic bacteria. 


Unusually high incidence 
of morbidity 
and mortality 


The highest incidence of anaerobic 
wound infection (usually B. fragilis 
and gram-negative organisms such 
as E. coli may both be isolated) follows 
resection of the large bowel — 1095 to 
15%. An infection rate of 5% to 10% 
may occur after surgical procedures 
involving the biliary tract and small 
intestine, whereas the rate following 
gastric or duodenal surgery is some- 
what lower. It should be borne in 
mind that these infection rates are 


on of patients for periods of 21 c 
f serious intra-abdominal infections, successful 
rate antibiotics indicated and effective against the 
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ganisms are vege implicated in the 
e 


ctions. The major 


d tenth postoperative days. These 
particularly high incidence of 


] days to 80 days. 


for elective operations. However. in 
emergency surgery for perforated 
appendicitis, diverticulitis, or 
traumatic wounds of the intestine, 
the infection rate can approach 40%. 
Moreover, unusually long periods of 
morbidity are generally associated 
with intra-abdominal abscesses. 
Periods of hospitalization ranging 
from 21 days to 47 days for patients 
with intraperitoneal abscesses and 
57 days to 80 days for patients with 
retroperitoneal abscesses have been 
reported. Mortality rates have 
been reported to range from 296 for 
patients with abscesses complicating 
acute appendicitis to 10095 in 
patients with undrained hepatic, 
pancreatic, or retroperitoneal 
abscesses. 


The role of antibiotics 
in therapy 


Marked reduction in morbidity and 
mortality in anaerobic intra-abdominal 
infections e with earlier 
diagnosis, adequate surgical drain- 
age, and proper choice of antibiotics. 
Successful use of antibiotics in 
infections complicating intestinal 
surgery involves knowledge of the 
probable organisms likely to be 
found in various clinical settings, the 
susceptibility of these organisms to 
antibiotics, and the risk of the 
infection to the patient in any given 
set of circumstances. In general, 
antibiotic therapy for serious intra- 
abdominal infections, whether in the 
acute phase or in the chronic 
abscess stage, should include drugs 
to manage anaerobic bacteria as well 
as facultative and aerobic organisms. 

For information on one antibiotic 
to consider in treating serious intra- 
abdominal infections caused by 
Infectious anaerobes, please turn 


the page. 
Upjohn 
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Therapeutic considerations... 


Anaerobic activity: Cleocin* 
POs (clindamycin phosphate 
injection) has proved to be effec- 
tive in a variety of serious intra- 
abdominal infections caused by 
susceptible anaerobic orga- 
nisms including gram-positive 
cocci, and gram-positive and 
gram-negative bacilli. Specifi- 
cally, the activity of clindamycin i 
has been established in the fol- Ba 
lowing conditions: septicemia; 
serious intra-abdominal infec- 
tions such as peritonitis and p 
intra-abdominal abscess; seri- ffe 
ous infections of the female pel- a ' 
vis and genital tract such as f 
endometritis, nongonococcal 
tubo-ovarian abscess, pelvic 
cellulitis, and postsurgical 
vaginal cuff infection; serious 
lower respiratory tract infections 
such as empyema, anaerobic 
pneumonitis, and lung abscess; 
and serious skin and soft-tissue 
infections caused by susceptible 
strains of bacteroides, fusobac- 
teria, eubacteria, actinomyces, 
peptococcl, microaerophilic 
streptococci, and clostridia’ 

Since disc susceptibility testing with current methods 

is not reliable for anaerobes, in vitro dilution methods should 
be used to determine susceptibility to clindamycin. 
Also of value in serious aerobic gram-positive infections 
caused by susceptible streptococci, staphylococci, and 
pneumococci. The use of Cleocin PO. in gram-positive infec- 
tions has been investigated both clinically and bacteriologi- 
cally. Because of the risk of colitis, as described in the 
WARNING box, before selecting clindamycin the physician 
should consider the nature of the infection and the suitability 
of less-toxic alternatives (e.g., erythromycin). 

Indications include: serious lower respiratory tract in- 
fections such as pneumonia caused by susceptible staphylo- 
cocci: serious soft-tissue infections such as deep abscesses 
and deep traumatic or surgical wound infections caused by 
susceptible staphylococci and streptococci; septicemia 
caused by susceptible staphylococci and streptococci; and 
acute hematogenous osteomyelitis caused by susceptible 
staphylococci. In many instances, the evaluated cases 


* Clostridia are more resistant than most anaerobes to clindamycin. Some species, e.g.. 
C. sporogenes and C. tertium, are frequently resistant to clindamycin 





have been secondary to massive 
wounds, surgery, or debilitating 
disease. With few exceptions, 
the organisms proved suscepti- 
ble in vitro and were success- 
fully eradicated from the clinical 
lesions. 

Other therapeutic considera- 
tions: 

1. Cleocin POs (clindamy- 
cin phosphate injection) is 
clinically effective in serious 
infections caused by penicillin- 
resistant or penicillinase-pro- 
ducing staphylococci. However, 
staphylococcal strains resistant 
to clindamycin have been en- 
countered, and susceptibility 
testing should be performed. 

2. Cleocin POs is useful in 
patients who are sensitive to 
penicillin. Clindamycin does not 
share antigenicity with the peni- 
cillins; however, hypersensitivity 
reactions have been reported 
with clindamycin therapy. If a 
hypersensitivity reaction occurs, 
the drug should be discontinued. 
Serious anaphylactoid reactions 
require immediate emergency 
treatment with epinephrine. Oxygen and intravenous corti- 
costeroids should also be administered as indicated. 

Thus. Cleocin POs can fill a need for both penicillin- 
sensitive patients and those with serious infections caused 
by penicillin-resistant staphylococci. 

As with all antibiotics, Cleocin PO4 should be used with 
caution in atopic patients. Clindamycin has demonstrated 
cross-antigenicity with lincomycin. 

Cleocin POs should be reserved for serious infections 
where less-toxic antimicrobial agents are inappropriate, as 
described in the Indications section of the brief summary on 
the following page. 


If significant diarrhea or colitis occurs during therapy, 
this antibiotic should be discontinued. (See WARNING 


box and summary of prescribing information on follow- 
ing page.) 





STERILE SOLUTION — FOR INTRAMUSCULAR AND INTRAVENOUS USE 
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Cleocin Phosphate 


(clindamycin phosphate in jection,N.F.) 


CLEOCIN* PHOSPHATE (clindamycin phosphate 
injection) Sterile Solution—For Intramuscular 
and Intravenous Use. 












WARNING 


Clindamycin can cause severe colitis which 
may end fatally. Therefore, it should be re- 
served for serious infections where less toxic 
antimicrobial agents are inappropriate, 
as described in the Indications Section. It 
should not be used in patients with nonbac- 
terial infections, such as most upper respiratory tract infec- 
tions. The colitis is usually characterized by severe, persistent 
diarrhea and severe abdominal cramps and may beassociated 
with the passage of blood anc mucus. Endoscopic examina- 
tion may reveal pseudomembranous colitis. 

When significant diarrhea occurs, the drug should be dis- 
continued or, if necessary, continued only with close observa- 
tion of the patient. Large bowel endoscopy has been 
recommended. 

Antiperistaltic agents such as Opiates and diphenoxylate 
n atropine (Lomotil*) may prolong and/or worsen the con- 

ition. 

Diarrhea, colitis, and pseudomembranous colitis have been 
observed to begin up to several weeks following cessation of 
therapy with clindamycin. 


























Each ml contains: 


clindamycin phosphate equivalent to... 150 mg 

clindamycin base 
airs ERE 5 mg 
deest COCR r insisvinsiaresdesvervuticsotecasicccce 0.5 mg 


WOVEN VON NYOCO uaisa eie danae a... qs 

When necessary, pH adjusted with NaOH and/or HCI. 

Indications: Clindamycin is indicated in the treatment of serious 
infections caused y susceptible anaerobic bacteria. 

Clindamycin is als 
tions due to susceptible strains of streptococci, pneumococci, and 
staphylococci. Its use should be reserved for penicillin-allergic 
patients or other patients for whom. in the judgment of the physician, 
a penicillin is inappropriate. Because of the risk of colitis, as de. 
scribed in the WARNING box, before selecting clindamycin the phy- 
sician should consider the nature of the infection and the suitability 
of less toxic alternatives (e.g., erythromycin). 

Anaerobes: Serious respiratory tract infections such as empyema, 
anaerobic pneumonitis 
tissue infections; septicemia: intra-abdominal infections such as 
peritonitis and intra-abdominal abscess (typically resulting from 


cal vaginal cuff infection. 

Streptococci: Serious respiratory tract infections: serious skin and 
soft tissue infections; septicemia. 

Staphylococci: Serious respiratory tract infections: serious Skin 
and Ed tissue infections; septicemia; acute hematogenous osteo- 
myelitis. 

Pneumococci: Serious respiratory tract infections. 

Adjunctive Therapy: In the surgical treatment of chronic bone and 
joint infections due to susceptible organisms. Indicated surgical 
E eS should be performed in conjunction with antibiotic 

erapy. 

Bacteriologic stucies should be seid ld to determine the caus- 

ative organisms and their susceptibility to clindamycin. 
Contraindications: History of hypersensitivity to clindamycin or 
lincomycin. 
Warnings: (See WARNING box.) Mild cases of colitis may respond to 
drug discontinuance alone. Moderate to severe cases should be 
Managed promptly with fluid, electrolyte and protein supplementa- 
tion as indicated. Systemic corticoids and corticoid retention enemas 
may help relieve the colitis. Other causes of colitis should also be 
considered. 

A careful inquiry should be made concerning previous sensitivities 
to drugs and other allergens. Antagonism has been demonstrated 





between clindamycin and erythromycin in vitro. Be- 
cause of possible clinical significance, these two 
drugs should not be administered concurrently. 

Usage in Pregnancy: Safety for use in pregnancy 
has not been established. 

Usage in Newborns and Infants: When clindamy- 
Cin phosphate is administered to newborns and 
infants, appropriate monitoring of organ system 
functions Is desirable. 

Nursing Mothers: Clindamycin has been reported 
to appear in breast milk in ranges of 0.7 to 38 
mcg/ml. 

Usage in Meningitis: Since clindamycin does not diffuse ade- 
quately into the cerebrospinal fluid, the drug should not be used in 
meningitis. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE. OXYGEN AND INTRAVENOUS 
CORTICOSTEROIDS SHOULD ALSO BE ADMINISTERED AS INDICATED. 
Precautions: Review of experience to date suggests that a subgroup 
of older parant with associated severe illness may tolerate diarrhea 
less well. When clindamycin is indicated in these patients, they 
should be carefully monitored for change in bowel frequency. Pre- 
scribe with caution in individuals with a history of gastrointestinal 
disease, particularly colitis. 

Do not inject intravenously as an undiluted bolus; infuse as di- 
rected in package insert. Indicated surgical procedures should be 
performed in conjunction with therapy. Patients with very severe 
renal disease and/or very severe hepatic disease accompanied by 
severe metabolic aberrations should be dosed with Caution and 
serum clindamycin levels monitored during high dose therapy. 

Prescribe with caution in atopic individuals. During prolonged 
therapy, periodic liver and kidney function tests and blood counts 
should be performed. Use may result inovergrowthof nonsusceptible 
organisms, particularly yeast. Should superinfection occur, adjust 
therapy as Clinical situation dictates. Clindamycin has been shown 
to have neuromuscular blocking properties that may enhance the 
action of other neuromuscular blocking agents. Use with caution in 
patients receiving such agents. 

Adverse Reactions: Gastrointestinal: Abdominal pain, nausea, vomit- 
ing and diarrhea. (See WARNING box.) Hypersensitivity Reactions: 
Maculopapular rash and urticaria have been observed. Generalized 
mild to moderate morbilliform-like skin rashes are the most fre- 
quently reported of all adverse reactions. Rare instances of erythema 
multiforme, some resembling Stevens-Johnson syndrome, have 
been associated with clindamycin. A few cases o anaphylactoid 
reactions have been reported. [f ah persensitivity reaction occurs, 
the drug should be discontinued. The usual agents (epinephrine, 
corticosteroids, antihistamines) should be available for emergency 
treatment of serious reactions. Liver: Jaundice and abnormalities in 
liver function tests have been observed during clindamycin therapy. 

Hematopoietic: Neutropenia, eosinophilia, agranulocytosis and 
thrombocytopenia have been reported; no direct etiologic relation- 
ship to concurrent clindamycin therapy has been made. 

Local Reactions: Pain, induration and sterile abscess have been 
reported after intramuscular injection and thrombophlebitis after 
intravenous infusion. Reactions can be minimized or avoided by 
giving deep intramuscular injections and avoiding prolonged use of 
Indwelling intravenous catheters. 

How Supplied: Available as sterile solution with each ml containing 
clindamycin phosphate equivalent to 150 mg clindamycin base. 
Ampoules of 2 and 4 ml. 

Caution: Federal law prohibits dispensing without prescription. 

For additional product information see your Upjohn representative. 
J-5429-9 MEDB-5-S 
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APPLIED SURGICAL 
PATHOLOGY 


Edited by 

A. E. STUART, M.B., Ch.B., Ph.D.; 
A. N. SMITH, M.D., F.R.C.S.E.; and 
E. SAMUEL, B.Sc., M.D., F.R.C.S. 


Written by a group of surgeons, pathologists 
and radiologists, this book is concerned with 
the influence of pathology on the manage- 
ment of patients. 


The natural history of disease, the staging of 
disease and differential diagnosis in terms of 
pathology are suggested. 


The role of biopsy and frozen section in diag- 
nosis has been emphasized. 


The gross appearances of disease are linked 
with radiology, a special feature of the book is 
the presentation of morbid anatomical 
specimens with their own radiographs. 


Advances in surgical biology are reflected in 
the chapters on wound healing, cancer and 
the cell, hemorrhagic diseases, thromboem- 
bolism, transplantation and the reaction to in- 


jury. 


1,112 Pages e 820 Illustrations e 1975 
$120.00 





J. B. Lippincott Company 
East Washington Square e Phila., Pa. 19105 
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DEXON“ polyglycolic acid suture 
Complete Product Information 


DESCRIPTION DEXON polyglycolic acid 
Suture, Synthetic, Absorbable, USP is a homo- 
polymer of glycolic acid. The sutures are sterile, 
inert, noncollagenous, nonantigenic, nonpyro- 
genic, flexible, and braided. They are colored 
green to enhance visibility in tissue and are also 
available undyed, with a natural beige color. They 
are uniform in size and tensile strength, but are 
smaller in diameter than other Absorbable Surgical 
Sutures of equivalent tensile strength. 


ACTIONS When DEXON is placed in tissues a 
minimal tissue reaction occurs, which is followed 
by a microscopic layer of fibrous connective 
tissue which grows into the suture material. 


Animal studies (subcutaneous tissue in rats, rab- 
bits, and dogs) revealed minimal absorption at 7 
to 15 days, significant absorption at 30 days, and 
maximum resorption at 60 to 90 days: 


Tensile strength, not being a function of the ab- 
sorption rate, may vary from tissue to tissue, de- 
pending in part on the rate of hydrolysis. The 
early tensile strength of DEXON is reported to be 
greater than that of comparable chromic catgut. 
In animal studies (subcutaneous tissue in rats) it 
has been shown that at two weeks post- 
implantation approximately 55% of the original 
tensile strength of DEXON remains, while at 
three weeks approximately 20% of its original 
strength is retained. 


INDICATIONS DEXON sutures are indicated 
whenever absorbable sutures and ligatures are 
employed. 

CONTRAINDICATIONS DEXON is contra- 
indicated where extended approximation of 
tissues under strain must be maintained. 


WARNINGS The safe use of this suture in car- 
diovascular and neural surgery has not been 


established. 


Under certain circumstances, notably ortho- 
pedic procedures, immobilization by external 
support may be employed at the discretion of 
the surgeon. 

Do not resterilize. Discard opened, unused 
sutures. 


PRECAUTIONS Acceptable surgical practice 
should be followed with respect to drainage and 
closure of infected wounds. 


Knots with DEXON polyglycolic acid Suture 
must be properly placed to be secure. Therefore, 
place first throw in precise position for final knot, 
using a double loop; tie second throw square us- 
ing horizontal tension; additional throws may be 
used as desired. 


Skin and conjunctival sutures which remain in 
place for periods of longer than seven days may 
cause localized topical irritation and the ex sed 
portion of suture may be snipped off after ue to 
seven days as indicated. 


ADVERSE REACTIONS Those reactions that 
have been reported include tissue reaction or in- 
(lammation, fibrous or granulation tissue, wound 
separation and bleeding, and accumulation of 
fluid around subcuticular stitches. 


DOSAGE AND ADMINISTRATION Use as 
required. 

HOW SUPPLIED DEXON sutures are available 
in sizes 2 through 7-0 dyed (green) and undyed 
(natural), supplied in a erry of cut lengths or 
on ligating reels, non-needled or affixed to the 
various Davis & Geck ATRAUMATIC* needles 
in one and three dozen packages. REV.4/76 


DG 


DAVIS*GECK 


Amencan Cyanamid Company 
Pear River. N Y 10965 


DAVIS+GECK 


DEXON 


polyglycolic acid suture... 
the absorbable suture of choice. 





DEXON suture has 
virtually replaced catgut in 
many hospitals around the 
world. There are good 
reasons why. DEXON elicits 
minimal tissue reaction. It 
absorbs more reliably than 
catgut, with complete 
absorption in 60 to 90 days. 
And it sustains its holding 
power until the wound has 


regained sufficient strength, 
thus greatly reducing the 
chance of wound dehiscence 
and incisional hernia. 
DEXON can be used satis- 
factorily in the presence of 
infection, too. It is approved 
for use in the urinary tract 
and meets all U.S.P. 
standards. DEXON suture is 
available in green or beige. 
In just six years DEXON 
suture has been used in 15 


LG 


DAVIS+GECK 


American Cyanamid Company 
Pearl River, N.Y. 40965 





million procedures in over 
60 countries. And it has 
been documented in well 
over 185 published studies. 
DEXON...the absorbable 
suture acclaimed around the 
world for its uneventful 
healing and wound security. 
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CHIEF OF SURGERY 


Board certified in general and thoracic 
surgery. Position is with the VA Hospital, 
Alexandria, LA, affiliated with Tulane Uni- 
versity School of Medicine. Central 
Louisiana offers an attractive living area, 
excellent schools, unsurpassed environ- 
ment and outdoor recreation. Liberal fringe 
benefits and retirement. License any state. 
Salary to $43,923 plus bonus. Apply to: 


Ellis W. Wilkerson, Ill, M.D. 

Chief of Staff 

VAH Alexandria, LA 

Phone: (318) 442-0251, Ext. 313 or 506 


Equal Opportunity Employer 







The School of Health Sciences 
of 
Michael Reese Hospital and 
Medical Center 
presents 
A COURSE IN 
MICROSURGICAL TECHNIQUES 


This course is offered to the Surgeon in 
practice who will participate in an intensive 
seven day program covering Basic Tech- 
niques in Microsurgery. Two applicants will 
be accepted in each program. 


For further information and registration 
write to: 


Lawrence Ferguson, M.D. 
Department of Surgery (Neurosurgery) 
Michael Reese Hospital and 
Medical Center 
2929 South Ellis Avenue 
Chicago, IL 60616 


Tuition: $700 











(Reduced Venous 
Stasis) STOCKING 


CUSTOM-STRETCH" 


Vertical stretch to fit a wide range of leg 


lengths. Horizontal stretch to fit a wide 
range of calf circumferences. 


INDICATED for: Surgical, obstetrical, geriatric and 


nonambulatory patients as a routine preventative treatment 


of venous stasis, which may lead to embolism, and for 
patients recovering from phlebitis. 


CONTRAINDICATED in cases of: Local skin disorders, 


such as infections, ulcers, and skin grafts. 

Arterial insufficiency manifested by the absence of 
peripheral pulses below the femoral level due to 
arteriosclerosis or diabetes. 


Peripheral edema with pulmonary edema secondary to 


congestive heart failure. 


NOTE: Patency of the deep veins should be clinically 
determined prior to applying RVS stockings to patients 


following vein ligation or stripping. 


PRECAUTIONS: Avoid interference with local conditions, 
i.e., local incisions or constriction of exterior devices such 


as drainage tubes or catheters. 


Rx: Federal law restricts this device to sale by or on the 


order of a physician. 


See package literature for correct sizing, donning and stocking care instructions. 


Medical-Surgical Division 
PARKE, DAVIS & COMPANY 
a Detroit. Michigan 48232 
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"ARKE-DAVIS Presents 


RVS ™ is a Parke-Davis trademark 


Please see adjacent column for summary of prescribing information 
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tobramycin. 


tobramycin sulfate 











tr tin 
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~ peritonitis 

In patients with peritonitis in whom you 
suspect septicemia and the gram-negative 
organism isolated from blood is likely to be 
susceptible to tobramycin in your hospital 
setting...you may start therapy with Nebcin 
before you receive results of susceptibility 

g studies? [n this situation, Nebcin may be 
a great help to you and gain valuable time 
for your patient. 

In proper indications and recommended 
dosages, the general effectiveness of Nebcin is 
well-known. Experience its benefits in treating 
your patients who have peritonitis caused 


by susceptible strains of the indicated eram- 
negative organisms. 


9 LM./IV 
(R 
"Due to indicated susceptible organisms. e Cn 


* The decision to continue therapy with Nebcin should be tobramycin sulfate 


ban on the Meer susceptibility (robos E severity for serious gram-negative 
Ch of the infection, and the important additiona concepts infections in your hospital 


discussed in the Warnings box on the next page. 
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Please see following page for summary of prescribing information. 





Nebcin 


tobramycin sulfate 


Summary of Prescribing Information 





WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inher- 
ent potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impair 
ment may develop if patients have preexisting renal damage and if Nebcin 
is administered for longer periods or in higher doses than those 
recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but 
who develop signs of renal dysfunction during therapy. Such impairment 
may be characterized by cylindruria, oliguria, proteinuria, or evidence of 
nitrogen retention (increasing BUN. NPN, or creatinine). Evidence of 
impairment in renal, vestibular, or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In thecase of overdosage or toxic reactions, peritoneal dialysis or hemo: 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and 
prolonged concentrations above 12 mcg. / ml. should be avoided. Urine 
should be examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy — Safety of this product for use during pregnancy 











has not been established. 
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Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injec- 
tionisa clear and colorless sterile aqueous solution for parenteral administra 
tion. Itis stable and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter Serratia group. Citrobacter sp., and staphy: 
lococci, including Staphylococcus aureus (coagulase-positive and 

coagulase- negative). 

Nebcin is indicated in the treatment of septicemia, central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infec- 
tions; gastrointestinal infections, including peritonitis; and serious skin, bone, 
and soft-tissue infections, including burns, caused by the susceptible organisms 
listed above. Clinical studies have shown Nebcin also to be effective in serious 
complicated and recurrent urinary tract infections due to these organisms. 
Aminoglycosides, including Nebcin, are not indicated in uncomplicated initial 
episodes of urinary tract infections unless the causative organisms are not 
susceptible to antibiotics having less potential toxicity. Nebcin may be considered 
in serious staphylococcal infections when penicillin or other potentially less toxic 
drugs are contraindicated and when bacterial susceptibility testing and clinical 
judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate 
and identify etiologic organisms and to test their susceptibility to tobramycin. If 
susceptibility tests show that the causative organisms are resistant to tobramy- 
cin, other appropriate therapy should be instituted. In patients in whom gram: 
negative septicemia, neonatal sepsis, or meningitis IS suspected, including those 
in whom concurrent therapy with a penicillin or cephalosporin and an aminogly- 
coside may be indicated, treatment with Nebcin may be initiated before the 
results of susceptibility studies are obtained. The decision to continue therapy 
with Nebcin should be based on the results of susceptibility studies, the 
severity of the infection, and the important additional concepts discussed in the 
WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin IS a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg./Kg.). The possibility that 
prolonged or secondary apnea may occur should be considered if tobramycin Is 

l a as 4 alate wha are alen receivine neuromuscular 


Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 

Adverse Reactions: Nephrotoxicity—Renal function changes, as shown by rising 
BUN. NPN, and serum creatinine and by oliguria, cylindruria, and increased 
proteinuria, have been reported, especially in patients with a history of renal 
impairment who are treated for longer periods or with higher doses than those 
recommended. 

Neurotoxicity— Adverse effects on both the vestibular and auditory branches 
of the eighth nerve have been noted, especially in patients receiving high doses or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the 
ears, and hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than 
those recommended. 

Other reported adverse reactions possibly related to Nebcin include increased 
serum transaminase (SGOT, SGPT) and increased serum bilirubin, anemia, 
granulocytopenia, and thrombocytopenia; and fever, rash, itching, urticaria, 
nausea, vomiting, headache, and lethargy. 

Suggested Dosage Guides—I.M./I.V.: 

The usual duration of treatment is seven to ten days. 
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Seven Year Experience with Mounted Porcine Valves 


HAROLD M. ALBERT, M.D., LESTER R. BRYANT, M.D., FREDERICK G. SCHECHTER, M.D. 


From March, 1969, through June 1976, 108 porcine aortic 
xenograft valves were used for mitral or aortic valve 
replacement in 95 patients. This experience provides one of 
the longest follow-ups available for evaluation of the porcine 
bioprosthesis. The first fifteen valves were locally mounted on 
Cutter stents and preserved in buffered formalin. Subsequent 
valves were prepared by the Edwards and Hancock Companies 
with glutaraldehyde preservation. Oral anticoagulation was 
routinely used for the first 6 weeks following surgery. 

Hospital mortality was unrelated to the valve type. All but 
four of the surviving patients with formalin preserved valves 
have required reoperation because of valve failure. There 
have been two valve failures in the patients who received 
gluteraldehyde valves, but there have been no embolic or 
thrombotic complications. Late cardiac catheterization has 
shown hemodynamic results equal to or better than prosthetic 
valves. 

The continuing long-term results indicate that the porcine 
xenograft is the valve of choice for cardiac valve replacement. 


N 1968 WE reviewed our long-term results with 
I prosthetic valve replacement and found that the five 
year life expectancy of the Operative survivors 
was only 40%. This low survival rate in the Charity 
Hospital patients was largely due to cerebral emboliza- 
tion, complete thrombosis of the valves and compli- 
cations of anticoagulation. The results of this review 
stimulated us to look for valves less subject to the 
above complications. The results presented by 
Ionescu and by Carpentier! led to the trial of 
stented aortic porcine valves. 

There appeared to be several theoretical advantages 
of these mounted heterografts: (1) the technique for 
implantation is essentially the same as for prosthetic 
valves; (2) they should not be thrombogenic after the 
cloth stents are endothelialized: (3) they are center- 
flow and can, therefore, be used in a larger size 
than a prosthetic valve; (4) since anticoagulants would 
not be used except for a short period, there should 
be few anticoagulation complications; (5) they should 
be readily available in all sizes. The one disadvantage 
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was that there was no information on how long the 
valves would last. Because of this lack of knowledge 
concerning durability of the valves, it was decided 
initially to implant them in only New York Heart 
Association (N.Y.H.A.) class IV patients. 


Clinical Material and Methods 


In this series, from March. 1969 through June, 
1976, 95 patients have had 108 stented porcine 
valves of three different types implanted. The patients 
were subjected to total cardiopulmonary bypass with 
cardiac anoxic arrest with or without hypothermia. 
The valves were implanted by several different 
suture techniques but the methods were similar to 
those employed for the implantation of any prosthetic 
valve. If there were a history of embolism or if 
thrombi were found in the left atrium at operation, 
ligation of the appendage or suture closure of its 
orifice was done. Sodium Warfarin was started on the 
fifth post-operative day and continued for the first 
6 weeks following operation. No other form of anti- 
coagulation was used in these patients. 

The 52 females and 43 males in this series ranged 
in age from two to 72 years. Seventy-one patients 
were in N.Y.H.A. class IV, 22 were in class III, and 
two were in class II. Twelve patients had active, 
sub-acute, or acute bacterial endocarditis necessitating 
emergency or semi-emergency valve replacement for 
progressive intractable cardiac failure. 

The first group included 17 patients who received 18 
valves that had been locally prepared. For preparation, 
the aortic valves were trimmed from freshly killed 
porcine hearts, then suture mounted onto Cutter- 
Angell stents. Figure 1. The first few were then fixed 
and preserved in buffered formaldehyde. We then 
found that first fixing the valves in buffered formal- 
dehyde provided easier and more accurate mounting. 
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Fic. 1. Example of locally mounted, formalin fixed porcine valve. 


These valves were implanted during 1969 and part of 
1970. 

The second group consisted of 40 patients who 
received 43 valves manufactured by the Edwards 
Company, using the original Carpentier technique of 
oxidization in Sodium Metaperiodate with preserva- 
tion in glutaraldehyde. 

The third group of 44 patients, including several 
who required replacements of their porcine valves, 
had 47 Hancock valves fixed and preserved in 
buffered glutaraldehyde (Fig. 2). 
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Fic. 2. Hancock Valve 


Results 


There were 30 deaths occurring within the first 
30 days after operation, resulting in a hospital 
mortality of 31.5%. This high mortality was due 
mostly to the extreme illness of the patients since 
all but one were in N.Y.H.A. class IV, but a few 
were a result of technical errors. No early deaths 
could be attributed to the type of valve implanted. 

Among the 65 survivors there have been 10 late 


TABLE 1. Analysis of Late Deaths 


N.Y.H.A. Class 


Valve at Original 
Patient Age Location Operation 
LB. 55 Mitral IV 
D.W. 3 Mitral IV 
AF. 44 Mitral IH 
G.I. 48 Mitral IV 
W.F 48 Mitral IV 
LB. 63 Mitral IV 
M.J 24 Mitral IV 
M.W. 21 Mitral IV 
SS, 60 Mitral IV 
J.P, 43 Mitral [V 


Time Between 
Implant & Death 


Cause of Death 


18 mos. Pulmonary embolus 
3 mos. Sickle cell disease, Cardiomyopathy 
40 mos. Coagulopathy at aortic valve replacement for Al 
38 mos. Tricuspid stenosis, missed at catheterization & at 
operation 
3 mos. Arrythmia, Cardiomyopathy 
4 mos. Carcinoma of cecum with metastases 
1.5 mos. GI bleeding following massive steroid treatment 
for pre-existing nephrotic syndrome 
16.5 mos. Thrombosis of Starr-Edwards valve 6 mos. after 
replacement of failed porcine valve 
16 mos. Oxygenator failure during replacement of 
failed valve 
28 mos. Sudden death-cause unknown not in hospital 
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TABLE 2. Analysis of Valve Failures 


Valve Failures 
Valve Location 
Patient 


Insufficiency Murmurs 


Replacement 
Time after 


& wtype First Noted Cause of Failure [Implant 
k Mitral L 37 mos. Pulled off posts 38 mos. 


ei Aortic E-C — 
E Mitral L & 4] mos. 
Aortic L 50 mos. 
4. Mitral E-C -- 
>. Mitral L 63 mos. 
6. Mitral L Immediate Post-op 
7, Mitral L Immediate Post-op 
8. Mitral 15 mos. 
9. Aortic E-C 2 days 


L = locally prepared. 
E-C = Edwards-Carpentier prepared. 


deaths. The analysis of these deaths is shown 
in Table 1. No patient has suffered a recognizable 
episode of embolization and there has been no instance 
of valve thrombosis. 

Among the first group (locally manufactured valves) 
there were 7 valve failures in the Il surviving 
patients and each required replacement. Each of these 
failures could be attributed to inexpert mounting 
or the type of stent (Table 2). and all Occurred between 
9 and 63 months following operation (Fig. 3 and 4). 
Although all were in N.Y.H.A. class IV at the time 
of the original operation. none Was worse than 





Fic. 3. Locally mounted valve with failure 
mos. The leaflets are thin and pliable 
attachments have pulled off posts (Leaflet tears were done at 
removal). 


and replacement at 42 
but all three commissural 


Calcification producing stenosis 61 mos. 
Pulled off posts 42 mos. 
Pulled off posts 54 mos. 
Calcification producing stenosis 12 mos. 
Pulled off ptsts 63 mos. 
Poor mount. leaflets not coapted 5] mos. 
Leaflets stretched and prolapsed 

Poor mount. leaflets not coapted 9 mos. 
Leaflets stretched and prolapsed 

Pulled off posts l6 mos. 
Paravalvular leak I5 mos. 





N.Y.H.A. class III at the time of replacement. There 
was one death due to oxygenator failure. Three patients 
remain asymptomatic at 72, 74 and 80 months. One 
patient was lost to follow-up at four years. 

Three patients in the second group (Edwards- 
Carpentier Oxidized, glutaraldehyde), have required 
replacement of their porcine valve. Two failures 
were due to calcification of the leaflets producing 
stenosis (Fig. 5). The valve in the mitral position 
was replaced 12 months after implantation, while that 





FiG. 4. Locally mounted valve with failure and replacement at 51 
mos. Leak was evident immediately after operation. There is 
stretching and prolapse of the leaflets with poor coaption. One 
commissural attachment has partially pulled off post. 
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Fic. 5. Edward-Carpentier valve with stenosis and replacement at 
61 mos. The easily visible thickening is mostly calcification which 
severely limited leaflet motion. Note excellent leaflet coaptation 
precluding leakage. (Perforation was produced at removal.) 


in the aortic position did not require replacement 
until 61 months. The third replacement was for 
para-valvular leak (Table 2). 

In the third group (Hancock, glutaraldehyde), there 
have been no valve failures, no evidence of stenosis, 
and no para-valvular leaks. 

There have been no instances of bacterial or fungal 
infections involving the bioprostheses even though 
seven survivors had active sub-acute or acute bacterial 
endocarditis at the time of implantation. 


ALBERT, BRYANT AND SCHECHTER 





Ann. Surg. e June 1977 


Of the 55 long-term survivors, all except one are 
asymptomatic and can properly be assigned to class I 
or class II (N. Y.H.A.). The symptomatic patient has 
no evidence of valve dysfunction but she does get 
short of breath after walking up two flights of stairs 
and requires maintenance on digitalis and diuretics. 


Thirteen patients were considered too ill for catheter- 
ization before operation, and the studies were inter- 
rupted in two others because deterioration in their 
clinical condition made immediate operation manda- 
tory. Of those having complete studies, the cardiac 
index ranged between 1.2 L/min/M? and 3.0 L/min/ 
M2, with an average of 1.6 L/min/M?. After oper- 
ation, few asymptomatic patients would consent 
to follow-up catheterization. The average cardiac 
index in those who underwent studies, was 3.2 L/min./ 
M? with a range of 2.2 to 3.9 L/min/M?. The mitral 
valve end-diastolic gradient ranged from 2 to 9 mm Hg. 
The peak to peak systolic gradient across the aortic 
valve ranged from 0 to 26 mm Hg. The patient with 
calcification of the porcine valve in the aortic position 
was asymptomatic one year before its replacement, 
but had a gradient of 50 mm Hg. Just prior to 
reoperation, however, when he began to have near 
syncopal episodes, the gradient was 96 mm Hg. 


Gross and microscopic examination of removed 
porcine valves has shown no evidence of rejection, 
thrombi, or gross dissolution of collagen fibers (Fig. 
6). In addition there has been no ingrowth or host 
replacement of leaflet tissue, and Carpentier’ s? 
designation of these valves as bio-prostheses rather 
than heterografts is appropriate. The formalin pre- 
served valves retained their pliability and leaflet 
thinness, but did show stretching with leaflet prolapse 
in the two with inaccurate coaptation of the leaflets 
at the time of mounting. A murmur of valvular in- 
sufficiency was heard immediately after operation in 
these two patients. The five valves that had pulled 
off the post of the stents, had intact leaflets. 
The double curves of the stent had provided a dead 
space between the aortic wall of the valve and the 
stent, with the result that there was no fibrous fixation 
of the valve to the vertical post. The present 
methods of commercial manufacture have eliminated 
this defect. 


Discussion 


There is little question that properly stented 
and properly preserved porcine aortic valves function 
well in all positions in the heart.?~4:910!18 With 
only short term anticoagulation, the incidence of 
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FiG. 6. Microscopic ap- 
pearance of leaflet from 
formalin fixed valve re- 
moved at 43 mos. after 
implant. Collagen fibers 
mostly are intact. Note 
their fibrin deposition with 
some pseudo-intima. 


thromboembolic complications are almost nil and 
there were none in this series. 

The durabilitv of these valve prostheses is, however. 
still open to question.2519.:3. The present methods 
of commercial preparation and testing of the valves 
have essentially eliminated poor coaptation of the 
leaflets so they now remain mutually supporting. 
The stents have been improved and their flexibility 
may indeed decrease stress on the valves!! while 
the method of attachment to the posts has apparently 
eliminated the problem of detachment. Our four year 
follow-up of glutaraldehyde fixed and preserved valved 
prostheses as manufactured by Hancock and now by 
Edwards, has shown none of the difficulties en- 
countered with the older methods of manufacture. 
We have had no valve failures since we began im- 
planting the Hancock manufactured bioprostheses. 
Since July of this year the valve of our choice is 
the bioprosthesis by Hancock or by Edwards and the 
implantation of a prosthetic valve is done only 
under exceptional circumstances. 
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DISCUSSION 


Dn. FRANK C. SPENCER (New York, New York): Dr. Becker, 
gentlemen, ladies: My comments will be brief as the hour is 
late. 

The development of the porcine valve is certainly one of the 
most exciting areas of investigation in the field of valve prostheses. 
Last September, about three months ago, I had the opportunity 
to visit the Hancock Laboratories at Los Angeles. They are 
currently processing 30,000 pigs a month, a third of 1,000,000 
a year! About 90% are discarded because of anatomical defects, 
but. nonetheless, the production capacity is about 3,000 usable 
valves a month. This well indicates the widespread activity 
in this field. 

The data presented by Dr. Bryant clearly show the phenomenal 
influence of the type of preservative used. This unusual factor 
has confounded all predictions about the durability of all the 
porcine prostheses, for all previous types of heterograft prostheses 
failed quickly, almost always within one year. 

Dr. Bryant also well emphasized that there is no ideal valve 
available for every patient. The best valve for a particular 
patient will vary with the disease. and the specific circumstances, 
such as age, concomitant disease, feasibility of long-term anti- 
coagulation therapy, and other considerations. 

As Dr. Bryant has stated, any new prosthetic valve should be 
considered experimental for at least five years, since history of 
cardiac surgery is replete with enthusiasm for new concepts, soon 
followed by a series of preliminary papers and then discarding 
the entire concept within one to two years. Hyperbaric oxygena- 
tion. for example, is familiar to everyone. Hence, all new 
concepts should be considered tentative for a minimum of five 
years. 

| thought it would be of interest to comment briefly about 
the Starr-Edwards cloth-covered steel ball valve, a prosthesis, 
which we have regularly used for about 9 years. We have no 
particular interest in the valve except the crucial fact that we get 
our best results with it. It is currently used in about 80% of patients, 
while 10% have disc valves, and 10% porcine valves. 

In the last 9 years, 1456 of these ball valves have been im- 
planted, with a 98% follow-up completed about two months ago. 
We did a careful, precise, follow-up evaluation because of the 
curious number of dismal reports about cloth wear and other compli- 
cations. Our data include about 490 aortic. replacements, 400 
mitral replacements, 150 combined procedures and various miscel- 
laneous combinations. 

The actuarial survival curves following aortic. valve replace- 
ments are 74% at five years decreasing to 58% at 8 years. 
Corresponding data following mitral valve replacement are 68% 
five year survival, 64% at 8 years. 

Regarding complications, the most serious one is thrombo- 
embolism. Among 1251 patients surviving operation, 87% of the 
group, nine out of 10, have never had an embolus. A fatal 
embolus occurred in less than 1%, and a similar number, 0.8% died 
from complications of anticoagulant therapy. 

To emphasize my earlier comments about selecting a prosthesis, 
a crucial consideration is whether a patient can safely maintain 
anticoagulant therapy over a long period of time. It is clearly 
foolhardy to insert a valve requiring anticoagulant therapy in 
someone who cannot be well supervised. 

Two per cent of our group of 1251 surviving patients developed 
endocarditis, one-fourth of whom required reoperation. Cloth 
wear. which has been widely discussed as a serious handicap, 
has been of minimal significance. Among the total group. clinically 
significant cloth wear was recognized in only 0.5%. It undoubtedly 
has occurred in many other patients, but has not been of clinical 
significance. We remain puzzled about why our results are far 
better than those reported by many others. Whether this will be true 
with porcine valves remains to be seen. 

In closing, and complimenting Dr. Bryant again on his careful anal- 
ysis, | would like to ask him the impossible question that everyone 


. 


around the world would like to see answered: How long will 
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these valves last? Seven years? Ten years? Twelve years? And, 
how long would be satisfactory? 

Data from clinical results with several types of prostheses 
indicate that the failure rate may not be linear. With the aortic 
homographs [sic] results were excellent for about four years, but 
the failure rate became prohibitive in most groups within the 
next two years. Whether this will be true with the porcine 


valves or not is a crucial question. 


Dr. ELLIS L. Jones (Atlanta, Georgia): At Emory University 
Hospital in the last 28 months we have used the heterograft 
porcine valve in over 250 patients, in both the aortic and mitral 
position. We have been very pleased with this valve, as long as 
certain guidelines have been observed. 

(Slide) In 101 consecutive isolated aortic valve replacements 
there was a mortality of just udner 3%. 

(Slide) Twenty-three of the 101 patients having aortic valve 
replacement were recatheterized, trying to delineate the hemo- 
dynamic function of the valve. We found some interesting data, 
in that these twenty-three patients had a resting mean left ventricular- 
aortic pressure gradient of 21 mm Hg, rising to 35 mm Hg 
during exercise. 

(Slide) Certain conclusions were drawn from the hemodynamic 
data and follow-up: There has been a very low thromboembolic 
rate in these patients, none of whom were on coumadin anti- 
coagulation. Unlike Dr. Spencer, we have had problems in follow- 
ing patients on anticoagulants. The embolus rate has been about 
1-2% following aortic or mitral valve replacement. 

We have felt that in this short time frame, and we would agree with 
Dr. Spencer that the whole story is not yet in, there has been 
no evidence of leaflet wear or valve dysfunction. There are certain 
important aspects of using the small bioprosthesis. We feel 
that one should avoid the small size (19 mm) prosthesis in the 
adult patient. It has an unacceptable left ventricular-aortic pressure 
gradient. The 21 mm valve has been used satisfactorily in the 
patients that we have elected to use it, and these have been 
very small females, with a small body surface area and reduced 
cardiac output. In these patients there has been a very acceptable 
left ventricular-aortic pressure gradient. 

However, we feel the 23 mm, 25 mm, and larger prostheses are very 
satisfactory for large adult males. If it is necessary to avoid the 
small sizes—that is, the 19 and 21 mm in an adult male patient — 
we have gone to either the Bjork-Shiley tilting disc valve, or we have 
enlarged the aortic root, by one of two methods. 

The first is the least extensive, and involved extending the 
aorootomy down into the noncoronary sinus, just through the 
mitral annulus, and then sewing a Dacron patch into this area, 
thus allowing the Dacron patch to become the new aortic annulus. 
Usually this will allow an increase of one prosthetic size. 

If a more extensive annulus enlarging procedure is required, 
as in children, we have divided through the left portion of the 
ventricular septum. A Dacron patch is then sewn to the ventricular 
septum and becomes the new aortic annulus. This procedure is 
more extensive, but works very nicely in the small child, or 
infant. 


Da. ROBERT WALLACE (Rochester, Minnesota): The impetus for 
my discussing the paper comes primarily from the last sentence 
in the abstract, which reads "The continuing long-term results 


indicate that the porcine xenograft is the valve of choice for 
cardiac valve replacement." My skepticism concerning this con- 
clusion is that the glutaraldehyde porcine valve has not yet shown 
durability by long experience. All experience With tissue valves, 
whether autogenous tissue, heterografts, or homografts, although 
initially enthusiastically accepted, with longer follow-up have fallen 
into disrepute. 

Our own experience with the preserved aortic valve homograft 
substantiates this. Between May, 1965 and October of 1972, 231 
patients underwent aortic valve replacement with a preserved aortic 
valve homograft. The operative mortality for aortic valve replace- 
ment was 4% in this group of patients, and thus 220 patients survived 
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the first 30 days following operation. There have been 27 late 
deaths in this series, with the homograft still in place. Thus 193 
patients have remained at risk for valve dysfunction. Of these 193 
patients, 80 patients have required reoperation. Of these 80 patients, 
there was one operative death, and there have been 7 subsequent 
late deaths in this group. 

Thus, from 4 to 10% years following insertion of the valve. 83% of 
the total group of patients remain alive. However, 80 have required 
reoperation. 

Early reoperation was due primarily to technical difficulties. These 
were unstented, freehand inserted valves. Our enthusiasm with 
patients who did not develop incompetence in the first 12 months 
following operation was great; however, as Dr. Spencer indicated. 
although our results at three and four years looked very good, 
our actuarial curves relating to reoperation at five years showed 
progressive increase in the incidence of reoperation and this has 
continued. I now feel that every patient who lives long enough 
will develop dysfunction of his homograft valve. The fate of 
fresh homografts appears to be the same as reported by Angel 
in 1972 and Stinson in 1975. 

From a clinical standpoint, the xenograft is comparable to the 
mechanical prosthesis in terms of endocarditis, the incidence of 
perivalvular leaks, hemolysis, and hemodynamic function. except 
perhaps in the small-size xenografts, where a prohibitive gradient 
might exist. The singular advantage of the xenograft is the low 
incidence of thromboembolic complications. 

For these reasons, I think the conclusions reached by Dr. Bryant 
and associates is not substantiated. Perhaps there is a place for 
this valve, when its durability has been established. for use in 
patients whose natural life expectancy is less than the proven 
length of durability of the xenograft; also in certain patients 
where the risk of thromboembolic complications or anticoagula- 
tion exceeds the risk of reoperation. 


DR. C. J. LAMBERT (Dallas, Texas): Our group has accumulated 
experience with tissue valves dating back to the late 1960s. The 
initial experience was gained with hand fabricated valves and para- 
formaldehyde fixation whereas the subsequent and predominant 
experience has been with the glutaraldehyde valve of the 
commercial variety. From that experience, I would like to relate 
to you some thoughts which we have formulated. 

These valves, as is now known, are not viable although we 
had initially thought that they might constitute a matrix into which 
viable tissue in-growth would occur. 

Tissue valves on the other hand. are not subject to rejection, 
do not require anticoagulation and are not subject to catastrophic 
deterioration as has been so with the prosthetic valves. Even if 
they do undergo degeneration and a large number of the formalin 
treated valves did degenerate, catastrophe was never noted and an 
elective replacement was possible with a 0 mortality. The essen- 
tiality of that knowledge is that one can very safely reoperate 
in a situation wherein myocardial deterioration is not allowed 
to occur, and thus it is that I would question whether it still 
would not be better. 

The essential chemistry difference between formalin fixation and 
glutaraldehyde fixation is that there is a single cross-link bonding 
with formalin and a double cross-link protein bonding with 
glutaraldehyde. As a consequence, "wash-out" does not occur 
as was so with formalin fixation techniques. Nevertheless, the 
accuracy and deliberateness with which the valve is sculptured, 
mounted and equalized in terms of selection and geometric 
design, make a tremendous difference. Of the five five-year 
formalin fixed valves, the most interesting aspect upon review was 
that all of these valves had been prepared in a manner of harvesting, 
formalin fixation and subsequent mounting. As such, it must be 
acknowledged that formalin as a method of fixation and preserva- 
tion is not a total determinant under these conditions. 
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Since 1970, we have utilized some 285 glutaraldehyde valves 
predominantly of the Hancock design. 138 of these valves were used 
in the aortic position; 147 in the mitral position. Anticoagu- 
lants have not been utilized at any time during their period 
of hospitalization nor subsequent to discharge. Embolization has 
been noted in only one instance. that being earlier manifested 
by transient dysphagia only and responded to no specific 
treatment. Endocarditis has been observed in only two instances, 
and in only one instance did it necessitate reoperation. No 
glutaraldehyde valve followed to date has required reoperation 
because of tissue failure. No valve has shown X-ray evidence 
of calcification and the valves available for study either at 
reoperation for unrelated conditions or at subsequent autopsy 
examination, have revealed complete endothelialization, the absence 
of clot formation and fibrin deposition and excellent leaflet 
pliability. Shrink temperature, employed by Mr. Hancock, continues 
relatively normal thereby suggesting that longevity is, and can 
be, expected from this type of valve. 

At the present time there are two types of commercial valves 
available. To help accommodate the small aortic annulus, Edwards 
Laboratories has introduced a valve with a smaller sewing 
ring. This has improved the situation in those patients with 
annuli requiring valves smaller than a 21 mm. thereby lessening 
the residual gradient. The Edwards solution is somewhat stronger 
and different in chemistry than has been the solution relating 
to the Hancock valve being discussed this morning. Whether 
this strength difference will make any chemical difference in the 
long run I do not believe we can say at this time. On the 
other hand, the Edwards glutaraldehyde solution is bactericidal. 
whereas the Hancock solution is said to be only bacteriostatic. 
Even so, no valve is released for use until a three-week 
quarantine culture period has been observed at the point. of 
fabrication. 


DR. LESTER R. BRYANT (Closing Discussion): Dr. Spencer's group 
have had such superior results with prosthetic valves over such 
a long period of time that they have clearly become the bench- 
mark against which other groups may measure their own results. 
This particularly applies to the problems of thromboembolism. 

I think Dr. Spencer's group is to be congratulated because of 
their ability to resist the tide of enthusiasm to switch to each 
new valve that comes along. Thus, over a long peiod of time 
we are able to hear results from the Starr-Edwards valve, for 
example, that probably are not available from many other groups. 

To Dr. Jones I'd like to offer thanks for the data which he 
has given us in terms of the postoperative catheterizations in 
their patients with porcine valves. Although a number of papers 
are now being published about the porcine valve, we are still 
collecting data in terms of their behavior hemodynamically, and | 
believe that the results that he mentioned are very similar to 
what we have found. 

Dr. Wallace's disagreement with our conclusion about the porcine 
valve being the valve of choice is taken well. We do feel, 
however, that the ability to discontinue anticoagulants and the 
freedom from worries about embolic complications, particularly 
in the type of patients that we see in Veterans Administration 
hospitals and in charity hospitals, has to make us stick to our 
feeling that the porcine valve is the one that should be used 
by first priority in these patients. 

Finally, Dr. Lambert s point about the fact that the tissue valves 
are not subject to catastrophic failure is a very good one, and it is 
mentioned in our text. All of the patients who have developed valve 
failure have done it in a slow and gradual fashion that has allowed us 
to bring the patients in, have them studied. and reoperate upon them 
without the need for urgent procedures. All of us are aware of the 
catastrophic complications that can occur with prosthetic valves, 
although that is getting to be less frequent. 


Letter to the Editor 


August 3, 1976 
Dear Editor: 

Those involved in the training of family doctors 
recognize that an important part of that training is the 
development of good habits regarding referral and con- 
sultation. Family doctors must learn to relate to con- 
sultants in other fields in a way that benefits the pa- 
tient to the utmost. It is equally important that those 
who are training residents in consultative specialties 
recognize the importance of developing in their trainees 
good habits of relating to referring physicians. 

That this is not always understood has become ob- 
vious in the past several years, as the number of institu- 
tions in which both surgeons (for example) and family 
physicians are being trained has increased. It is a 
particularly frequent problem in and around large 
medical centers where there have been few, if any, 
family doctors for quite some time. In many such 
places, patient care is compartmentalized, each spe- 
cialist being accustomed to handling with relative 
autonomy those problems that fall within his own field 
of expertise. Under these circumstances, patients fre- 
quently feel that, however excellent the technical 
quality of care they are given, there is no one person 
to whom they can look for interpretation, explanation 
and emotional support. 

Patients and their families are in the habit of look- 
ing to their family doctors as sources of medical in- 
formation and for guidance in matters of health. Dur- 
ing the course of an illness, they expect the family 
physician to be constantly aware of the progress of 
investigation, the status of the patient, and the likely 
prognosis at every stage of the process of care. When 
he is not fully informed, the family becomes frustrated 
and angry, and the situation becomes extremely em- 
barrassing to the referring physician. 

Family doctors have traditionally involved them- 
selves intimately in the decision making process in the 
care of their patients for two major reasons. First, 


since they take care of a large proportion of illness at 
home and in the office, the patients they do hospitalize 
are frequently seriously ill and require the services of 
more than one consultant. In such cases, there is al- 
ways the danger that incomplete communication may 
lead to conflicts of diagnostic and treatment regimens, 
and the family doctor, by acting as a clearing house 
for information, may be able to prevent unhappy con- 
sequences for the patient. 

Second, the family doctor is frequently able to add 
vital information to the decision making process 
through his intimate knowledge of the patient over a 
long interval. He has the perspective of one who is in- 
volved with all of the disease of the patient—before, 
during, and after the acute episode seen by the con- 
sultant. 

These communicative and integrative functions are 
at the very heart of the practice of family medicine. 
When consultants fail to recognize their importance 
and neglect to communicate fully with the referring 
doctor, the result frequently is increased anxiety for the 
patient and the family, and may produce suboptimal 
plans for patient management and unnecessary in- 
crease in the cost of care. Family doctors in practice 
quickly learn which of the available consultants do, 
and which do not, communicate well—and they refer 
patients accordingly. Interestingly, it has been our ex- 
perience that the surgeons who work most closely with 
the family physician are usually the most technically 
competent, as well. 

It is essential that surgeons in teaching institutions 
understand and impart these principles to their trainees. 
It will become increasingly important as the number of 
family doctors in practice begins to increase, after hav- 
ing declined for so many years. 


Dr. Collin Baker 
Director of Undergraduate Programs 
Duke University Medical Center 
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RAVITCH: Congenital Deformities 
of the Chest Wall and Their 
Operative Correction 


For full range coverage of congenital deformities of the 
chest wall, ribs and sternum, this is the ideal book. Each 
section puts into perspective the historical development, 
Significance, consequences, and treatment of an indi- 
vidual deformity. 


Every chapter covers a separate type of malformation. 
Etiologic, genetic, and physiologic factors are discussed 
in detail. You'll find a variety of operative techniques, the 
recorded results, critiques, and abundant Illustrations. 
And there's plenty of information on indications for 
surgery, the age at which the operation should be under- 
taken, the range of operations available, and the bases 
upon which a choice is made. 


Representing the culmination of thirty years experience 


with chest wall deformities. you Il find this unique mono- 


graph a valuable addition to your medical library. 


By Mark M. Ravitch, MD. Surgeon-in-Chief, Montefiore Hospi- 
tal of Pittsburgh: Dept. of Surgery, University of Pittsburgh. 
About 385., 105 ill. About $27.50. Ready July 1977 


Order # 7479-8. 


SPENCER: Pathology of the Lung, 
3rd Edition 


Expanded and thoroughly updated, this new edition 
remains today's outstanding reference on lung diseases 
excluding tuberculosis. It again emphasizes 
pathogenesis, and integrates the clinical aspects of 
disease into most discussions. New sections have been 
added on Gram Negative bacterial pneumonias, shock 
lung, Wilson-Mikity lung, eosinophilic pneumonia, new 
mycotic diseases, lung cancer, and much more. 

By Herbert Spencer, MD. PhD. MRCPath. Two volumes total- 


ing: About 1400 pp.. 770 illus., 8 color plates. About $97.50. 
Just Ready. Order # 8514-5/5-3. 


Saunders’ texts— 
A powerful dose of insight. 





FRASER & PARE: Organ Physiology: 
Structure and Function of the Lung 
with Emphasis on Roentgenology, 

2nd Edition 


This latest edition is based on a revision of the authors’ 
Diagnosis of Diseases of the Chest. It features ex- 
panded discussions of clinical anatomy and physiology, 
and less emphasis on abnormal x-rays. To make it even 
more valuable for medical students, the authors have 
added numerous illustrations of macroscopic and mic- 
roscopic anatomy and many more diagrams of pulmo- 
nary function. 


By Robert G. Fraser, MD, FRCP(C). Prof. of Radiology, Univ. of 
Alabama, Birmingham; and J.A. Peter Pare, MD, Prof. of 
Medicine, McGill University. About 230 pp., 145 ill. About 
$10.50. Soft cover. Just Ready. Order 4 3859-7. 


SABISTON: Davis-Christopher Textbook 
of Surgery, New 11th Edition 


The latest edition of this definitive text gives you the 
most accurate up-to-date information on surgery avail- 
able today. You'll find broadened coverage of disorders 
of the stomach, the duoenum, and congenital heart 
anomalies. 


Thoroughly up-dated, the 11th edition includes all the 
valuable features you expect from Sabiston plus these 
Important new topics: reconstructive surgery of the 
breast; intestinal bypass for hypercholesterolemia and 
morbid obesity; fat embolism syndrome; sources of 
infection in open heart surgery; surgical aspects of 
diabetes mellitus; preservation of the kidney for trans- 
plantation; surgical implication of polycythemia; and 
many more. 


Edited by David C. Sabiston. Jr., MD, James B. Duke Professor 
and Chairman, Dept. of surgery, Duke University Medical 
Center; with 190 contributors Two volumes about 2.850 pP., 
1,640 ill. Single volume about $35.00 Two-volume set about 
$42.50. Just Ready. single volume: #7869-8. 

2-volume set: # 7869/70. 
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Hemoclip 
Surgical 








Occluding Technique 


Versatility plus Design for 
unequaled performance 






Weck Window 





Versatility... 


the kind the Pistol Grip Applier, alone, gives with 
its four-position tip—adjusts right, left, up, or 
down. It's an aid to accurate clip placement, even 
in the most hard-to-reach areas. Versatility overall, 
there are 24 different Hemoclip" Appliers to best 
suit the operative procedure. 


Qu coe 


Small Medium 





Design... 


the way these annealed tantalum clips are pre- 
formed with unique shoulders, distributing closing 
pressure evenly. Precise tip-to-tip closure is at- 
tained, distal segments closing first, to encompass 
all ofthe vessel. Designed to hold secu rely, optimal 
grooves (0.007 mm. deep) on the inside of the clip 
allow dispersion of tissue without harmful crushing. 
Edges of the clip are smooth and round to prevent 
snagging or irritation on adjacent tissue. 


And the Medium Large (ML) clip—its "in-between" 


- size offers greater versatility. Appendectomy, cho- 


lecystectomy, nephrectomy, saphenous vein liga- 


tion, splenectomy, and rectal polyp are among the 


surgical procedures for which this new size may 
be used. 


A ee 


Medium Large Large 


Design for performance is also evidentin Hemoclip® 
appliers—in their distinctively slim jaws, but es- 

pecially in the exclusive “Weck Window: This 

subtle feature allows the Hemoclip"occluding clip 

to extend to a complete closure at the proximal 

end, unlike other clips. No gap is left in the clip 

for possible vessel leakage. The same Weck thor- 

oughness extends through the entire Hemoclip” 
System. 





Unequaled performance: over 10 million clips used yearly... 
documented use in nearly 50 different surgical procedures. 


One Quality — The Best 


(i 


WECK 


EDWARD WECK & COMPANY, INC. 
49-33 31st Place, Long Island City, N.Y. 11101 
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MAY BE GIVEN LV. 
$ FOR RAPID ONSET OF ACTION 


EASILY TITRATED TO DESIRED RESPONSE 
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V. administration makes it possible to 

titrate the dosage of Injectable Valium to 

| : the desired degree of response. This is 

[5 a 0 particularly important when prompt calm- 

|. 4 ing, muscle relaxant or anticonvulsive ac- 
E tion is required, and when the patient's 

uL reaction to medication must be monitored 

closely 


AUU DIMINISHED RECALL WHEN 
GIVEN LV. 


AS preoperative medication, I.M. adminis- 
aii B tration of Injectable Valium is the preferred 
mw route. When administered intravenously, 

Injectable Valium usually Produces antero- 
grade amnesia of rapid onset and short 

TII i duration. When given intravenously prior to 
O 20 40 12 4 5 s NN. z Surgery, for example, most patients cannot 
un n recall the induction period. 


Injectable 
ValiUm (diazepam)« 


_ Abroad range of benefits 
in one effective agent 





























injectable 
Valium 


diazepam) 
_ Abroad range of benefits 
in one effective agent 





Can be administered I.M. or LV. 
Rapid onset of action 
Easily titrated LV. 


ne ee aera 
Please consult complete product information, a summary of which fol- 
lows: 

Indications: Tension and anxiety states, somatic complaints which are 
concomitants of emotional factors; psychoneurotic states manifested by 
tension, anxiety, apprehension, fatigue, depressive symptoms or agitation; 
symptomatic relief of acute agitation, tremor, impending or acute delirium 
tremens and hallucinosis due to acute alcohol withdrawal; adjunctively In: 
relief of skeletal muscle spasm due to reflex spasm to local pathology. 
spasticity caused by upper motor neuron disorders; athetosis; stiff-man 
syndrome; tetanus, status epilepticus, severe recurrent seizures; adjunc- 
tively in anxiety, tension or acute stress reactions prior to endoscopic 
surgical procedures; cardioversion. 

Contraindications: Hypersensitivity, acute narrow angle glaucoma; 
may be used in patients with open angle glaucoma receiving appropriate 
therapy. 

Warnings: To reduce the possibility of venous thrombosis, phlebitis, 
local irritation, swelling, and, rarely, vascular impairment when used l.V.. H- 
ject slowly, taking at least one minute for each 5 mg (1 ml) given; do noi 
use small veins, i.e., dorsum of hand or wrist, use extreme care to avoid 
intra-arterial administration or extravasation. Do not mix or dilute with other 
solutions or drugs, or add to I.V. fluids. 

Administer with extreme care to elderly, very ill. those with limited pul- 
monary reserve because of possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other CNS depressants increases 
depression with increased risk of apnea; have re- 
suscitative facilities available. When used with Í. | - 
narcotic analgesic, eliminate or reduce narcotic 
dosage at least V5, administer in small increments. 
Should not be administered to patients in shock, 
coma, acute alcoholic intoxication with depres- 
sion of vital signs. As with most CNS-acting drugs, 
caution against hazardous occupations requiring 
complete mental alertness (€.g., operating 
machinery, driving) 

Has precipitated tonic status epilepticus In 
patients treated for petit mal status or petit mal 
variant status. 

Withdrawal symptoms (similar to those with 
barbiturates, alcohol) have occurred following 
abrupt discontinuance (convulsions, tremor, ab- 
dominal/muscle cramps, vomiting, sweating). 
Keep addiction-prone individuals under careful 
surveillance because of predisposition to 
habituation/dependence. 

Usage in Pregnancy: Use of M MBORATO, qe 
minor tranquilizers during first i" lecsey v4 
trimester should almost always be boo dd 
avoided because of increased risk 
of congenital malformations as 
suggested in several studies. Consider possibility of pregnancy 
when instituting therapy; advise patients to discuss therapy if 
they intend to or do become pregnant. 

Not recommended for OB use 

Efficacy/safety not established in neonates (age 30 days or 
less); prolonged.CNS depression observed. In children, give slowly (up to 
0.25 mg/kg over 3 minutes) to avoid apnea or prolonged somnolence, can 
be repeated after 15 to 30 minutes. If no relief after third administration, 
appropriate adjunctive therapy is recommended. 

Precautions: Although promptly controlled, seizures may return; 
readminister if necessary; not recommended for long-term 
maintenance therapy. 
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I! combined with other psychotropics or anticonvulsants, carefully con- 
sider individual pharmacologic effects—particularly with known compounds 
which may potentiate action of Valium (diazepam), i.e., phenothiazines, 
narcotics, barbiturates, MAO inhibitors, antidepressants. Protective mea- 
sures indicated in highly anxious patients with accompanying depression 
who may have suicidal tendencies. Observe usual precautions in impaired 
hepatic function; avoid accumulation in patients with compromised kidney 
function. Laryngospasm/increased cough reflex are possible during peroral 
endoscopic procedures; use topical anesthetic, have necessary counter- 
measures available. Hypotension or muscular weakness possible, particu- 
larly when used with narcotics, barbiturates or alcohol. Use lower doses (2 
to 5 mg) for elderly/debilitated. 

Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombosis 
phlebitis at injection site, contusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, tremor, vertigo, constipation, 
nausea, incontinence, changes in libido, urinary retention, bradycardia, 
cardiovascular collapse, hypotension, olurred vision, diplopia, nystagmus, 
urticaria, skin rash, hiccups, changes in salivation, neutropenia, jaundice 
Paradoxical reactions such as acute hyperexcited states, anxiely, hallucina- 
tions. increased muscle spasticity, insomnia, rage, sleep disturbances, 
stimulation have been reported, should these occur, discontinue drug 
Cough, depressed respiration, dyspnea, hyperventilation, laryngospasm/ 
pain in throat and chest have been reported in peroral endoscopic proce- 
dures. Isolated reports of neutropenia, jaundice, periodic blood counts, 
liver function tests advisable during long-term therapy Minor EEG 
changes, usually low-voltage fast activity, of no known significance. 

Dosage: Usual initial dose in older children and adults is 2 to 20 mg 
I.M. or |V., depending on indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute conditions injection may be 
repeated within 1 hour, although interval of 3 to 4 hours is usually satisfac- 
tory. Lower doses (usually 2 to 5 mg) with slow dosage increase for elderly 
or debilitated patients and when sedative drugs are added. (See Warnings 
and Adverse Reactions.) 

For dosages in infants and children see below; have resuscitative 
facilities available. 

I.M. use: by deep injection into the muscle 

I. V. use: inject slowly, take at least one minute for each 5 mg (1 ml) 
given. Do not use small veins, i.e., dorsum of hand or wrist. Use extreme 
care to avoid intra-arterial administration Or extravasation. Do not mix Or 
dilute with other solutions or drugs; do not add to I.V. fluids 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I. V. and severe 
psychoneurotic reactions, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if 
necessary; acute alcoholic withdrawal, 10 mg I.M. or I. V. initially, then 5 to 
10 mg in 3 to 4 hours if necessary. Muscle spasm, in adults, 5 to 10 mg 
IM or I.V. initially, then 5 to 10 mg in 3 to 4 hours if necessary (tetanus 
may require larger doses); in children, administer I.V. slowly; for tetanus In 
infants over 30 days of age, 1 to 2 mg I.M. or I. V., repeat every 3 to 4 
hours if necessary; in children 5 years or older, 5 to 10 mg repeated every 
3 to 4 hours as needed. Respiratory assistance should. be available 

Status epilepticus, severe recurrent convulsive seizures (l.V route pre- 
ferred), 5 to 10 mg adult dose administered slowly, repeat at 10- to 15- 
minute intervals up to 30 mg maximum. Repeat in 2 to 4 hours if necessary 
keeping in mind possibility of residual active metabolites. Use caution in 

presence of chronic lung disease or unstable 
cardiovascular status. Infants (over 30 
days) and children (under 5 years), 0.2 to 
0.5 mg slowly every 2 to 5 min., up to 5 
\ mg (I.V. preferred). Children 5 years 
plus, 1 mg every 2 to 5 min., up to 10 mg 
(slow I. V. preferred), repeat in 2 to 4 hours if 
needed. EEG monitoring may be helpful. 
In endoscopic procedures, titrate I. V. dos- 

age to desired sedative response, generally 10 

mg or less but up to 20 mg (if narcotics are omit- 
^ ted) immediately prior to procedure; if | V. cannot 

be used, 5 to 10 mg I.M approximately 30 min- 
utes prior to procedure. As preoperative medica- 
tion, 10 mg |.M.; in cardioversion, 5 to 15 mg I. V. 
within 5 to 10 minutes prior to procedure Once 
acute symptomatology has been properly 
controlled with injectable form, patient may be placed 
on oral form if further treatment is required 





somnolence, confusion, coma, diminished reflexes 
Monitor. respiration, pulse, blood pressure; employ general 
b. / supportive measures, | V. fluids, adequate airway. Use 
/ levarterenol or metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive effects. Dialysis is of 
limited value 
Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 
1: Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each ml 
contains 5 mg diazepam compounded with 40% propylene glycol, 
10% ethyl alcohol, 5% sodium benzoate and benzoic acid as buf- 
fers, and 1.5% benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, New Jersey 071 10 


Management of Overdosage: Manifestations include 
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Acme United Corporation 
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Control Release Needle Sutures...... 10A,11A 
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Hollister Inc. 
Draining Wound Management System..... 21A 


Johnson & Johnson 
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Life Sciences Inc. 
Pulse Volume Recorder................... 33A 


Olympus Corporation of America 
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Each tablet contains: -~ 
codeine phosphate, 30 mg (gr 12), 
(Warning: May be habit-forming); 

Each tablet contains: and acetaminophen 300 mg. 
codeine phosphate, 32 mg (gr 1⁄2), 
Warning: May be habit-forming); 
aspirin, 227 mg; phenacetin, 162 mg; | 


and caffeine, 32 mg. j 
Burroughs Wellcome Co. 
i Research Triangle Park 
Wellcome | North Carolina 27709 





